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THIS STUBY WAS CONDUCTED TO INVESTIGATE THE EFFECTS OF
VARIATIONS IN THE SFEEC AND DIRECTION OF A FLYING OBJECT ON
VISUO-PERCEPTUAL JUDGMENTS MADE, DIFFERENCES IN THE ABILITY
OF SKILLED AND UNSKILLED SUBJECTS IN MAKING SUCH JUDGMENTS,
AND THE EFFECTS OF AGE OR MATURITY LEZVEL ON THE SPEED AND
ACCURACY OF SUCH JUDGMENTS. THE SUBJECTS WERE 54 MALE JUNIOR
HIGH, HIGH SCHOOL, AND COLLEGE STUDENTS CLASSIFIED AS SKILLED
OR UNSKILLED CEPENDING ON EXPERIENCE IN BALL COMPETITIONS,
PERFORMANCE ON A VELOCITY TEST, VISUAL ACUITY, AND DEPTH
PERCEPTION CAFACITY. THEY WERE ASKED TO JUDGE VISUALLY THE
FLIGHT OF A MOVING OBJECT BY CHOOSING AN "OPTIMUM POINT FOR
INTERCEPTION" ANC QUICKLY MOVING TO THE SELECTED SPOT. FIVE
VARIABLES WERE CONSIDERED--(1) SPEED OF PROJECTION, (2)
VERTICAL DIRECTION OF PROJECTION, (3) HORIZONTAL DIRECTION OF
FPROJECTION, (4) SKILL LEVEL, AND (5) AGE OR MATURITY LEVEL.
MEASURES INCLUBED A REACTION TIME MEASURE, A MOVEMENT TIME
INDEX, ANC THREE MEASURES OF SPATIAL ACCURACY OF
VISUO-FERCEPTUAL JUDGMENT. RESULTS SHOWED THAT THE SFEED AND
ACCURACY WITH WHICH THE FLIGHT OF A MOVING OBJECT WAS JUDGED
DEPENDEC ON SPEED, THE HORIZONTAL DIRECTION, ANC THE VERTICAL
DIRECTION IN WHICH THE OBJECT WAS MOVING AT THE TIME OF
JUDGMENT. HIGHLY SKILLED SUBJECTS WERE SUPERIOR TO UNSKILLED
ONES IN MARING VISUO-FPERCEPTUAL JUDGMENTS. AGE HAD LITTLE OR
NO EFFECT. TABLES AND CHARTS ARE INCLUCED. (AUTHOR/NS)
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Summary

The purpose of the present study was threefold: (i) to assess the effects
of systematic variation in velocity and direction of ball flight upon visuo=
perceptual judgments made about moving objects in space; (ii) to determine
whether or not highly-skilled and poorly-skilled performers differ in their
ability to visually judge the flight of a moving object in three~dimensional
space, and (iii) to assess the effect of age or maturity level of the indiv-
idual upon the speed and accuracy of such visuo-perceptual judgments.

The experimental situation was as follows: a tennis ball was projected
into the air from a Tennis Ball-Boy machine. The ball was interrupted in its
flight by a canvas suspended four to five feet above the head of the subject.
Subjects thus never came into actual physical contact with the moving object.
The task of the subject was to visually judge the flight of this moving object,
that is, to decide where the object was going in its flight, to select an
'optimum point for interception', and then to move as quickly as possible to
that selected spot.

Five variables were selected for study. These included:

(a) Speed of Object Projection, used to assess the
effects of velocity of ball flight upon judg-
ments about moving objects in space;

(b) Vertical Angle of Object Projection, used to

assess the effects of the vertical direction of
object flight upon visuo-perceptual judgments
about moving objects in space;

(c) Horizontal Angle of Object Projection, which
served as a basis for evaluating the effects of
horizontal direction of object flight upon visual
judgments about the flight of moving objects;

(d) Skill Level, and

(e) Age or Maturity Level.

"

These latter two variables provided the bases for looking at differences in
visuo~perceptual performances as a function of skill and/or age classification.

A total of fifty-four (54) subjects participated in the study. Eighteen
subjects each were selected from a population of junior high, high school, and
college age males. Of the eighteen subjects thus selected, nine were further

classified as skilled, nine as unskilled. The criteria for skill classification

were: (a) the number of years of participation in organized baseball compe-
tition, including varsity and/or Little League membership and (b) the position
held by the individual in a distribution of scores based upon performances

on an Overarm Throw for Velocity test. Subjects were also screened for
minimum visual acuity and depth perception capacity.

Measures of the visuo-perceptual judgment included a reaction time measure,

a movement time index, and three measures of the spatial accuracy of the visuo-
perceptual judgment. The data were analyzed by means of five separate uni-

variate analyses of variance, each using a single performance index per analysis.

Where appropriate, Scheffe's Multiple Comparisons Test was used to compare
differences between group means.
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Results were as follows:

(1) The speed and accuracy with which the flight of a moving object
was judged was, to a large extent, dependent upon the specific set of
visual cues involved, that is, upon the particular speed, horizontal and/
or vertical direction in which the object was moving at the time it was
being judged. This of course suggests that if we are to enhance the degree
of success experienced by the individual in learning and/or performing
certain gross motor skills, we need to begin to identify more specifically
the kinds of visual cues involved in the performance of motor skills and
to evaluate them in terms of the kinds of demands which they place upon

the sensori-perceptual apparatus of the individual.

(2) 1Individuals classified as highly-skilled were significantly
superior to individuals classified as poorly-skilled in visually judging
the flight of a moving object in space. Such findings tend to support the
notion that the highly-skilled performer may, in fact, possess a sensori-
perceptual mechanism that is superior to that of the unskilled performer,
If such differences in the visuo-perceptual capacities of the hihgly-skilled
and the poorly-skilled sports performer do exist, it is important that we
begin to establish whether or not such differences are innate ones or if
the 'potentially' unskilled individual can be trained to use his visuo-
perceptual apparatus more effectively through properly planned and appro-

priately timed perceptual-motor experiences.

(3) Age, as represented by a sample of junior high, high school and
college age males, had little or no effect upon the speed and accuracy with
which the individual judged the flight of a moving object in three-dimensional
space. In a recent study concerned with the development of visual perception
in the young child, Williams (109) reported that visuo-perceptual abilities
involved in judging the flight of a moving object in space appeared to be
funct:ionally mature at about eleven years of age. Since the average age of
the youngest group studied in the present investigation was twelve, this
may account for the fact that no significant age differences were found.
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CHAPTER I
INTRODUCTION

All men by nature desire to know. An indication of this is
the delight we take in our senses; for even apart from their
usefulness they are loved for themselves; and above all others
the sense of sight., . . . .the reason is that this, most of
all the senses, makes us know and brings to light many differences

between things (30, p.13).

That vision and/or visual perception are inexticably linked with the
total action system of the organism is seen in the fact that it is through
the functioning of the visual mechanism that much of the adaptive behavior
of the organism is accomplished. For example, the Drosophila or fruit fly,
through its visual faculties, is normally able to detect movement in its
external environment. It is not unusual, however, for visuo-perceptual
abnormalities to occur in these flies and when this happens, the visually
abnormal fly is unable to detect movement in its environment (6l). As a
result, the fly soon falls victim to the 'unperceived' movements of other
organisms, Vision, in this case, plays an important role in the survival
of the organism,

The visual mechanism tends to assume an equally important role in the
normal functioning of organisms higher up on the evolutionary scale and, in
man, becomes an integral part of the whole of his behavior. 1In fact, it
seems that Gesell may not have been far from correct when he suggested that
"no one of the major fields of (man's) behavior - motor, adaptive, language,
and personal-social - is normally devoid of its visual content or control."
(30, p.214)

Theoretically, the importance of visual perception in gross motor per-

formance has not been overlooked. In an article which appeared in the College

Physical Education Association Proceedings, Hubbard (54, p.59) wrote:
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Sports skills are not exclusively motor. . . . (they) require
special ability in analyzing and interpreting visual cues or
refined visual perception.

Consider a sports situation in which the individual is required to manipulate
and/or move his body in relation to a moving object in space. Successful
adaptation to such a situation might be visualized, schematically, as
providing answers to two main questions:

(a) Where is the object going, that is, how fast is it moving
and in what direction, and

(b) How must I, the performer, move to successfully interact with
this object, that 1s, to catch it or strike it or kick it?

The first problem is obviously a visuo-perceptual one, the second, a
motor problem., A completely adaptive motor response in this situation would
then require a precise visuo-perceptual judgment on the part of the per-
former. 1In other words, to perform successfully, the individual must make
an accurate judgment about the characteristics of the present stimulus sit-
uation, In addition, since there is, in most sports situations, little
if any time available to 'rejudge' the stimulus, this initial judgment or
interpretation must be both rapid aﬁd precise if the performance is to be
successful.

If the initial task facing the performer in many sports situations
is a visuo-perceptual judgment, then the key to understanding some of the
important facets of gross motor performance may well lie in the visuo-
perceptual events which precede the actual movement or motor behavior of
the individual. At present we know little if anything about the nature or
role of such visuo-perceptual events in skilled motor performance. Hubbard

(54, p. 66) has noted that:
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The nature of the perceptual problems in sports has received
little study. . . .Such research is as important as understanding
the physical-mechanical problems of sports or developing a

sound experimental kinesiology. Such research should help us

to understand what we mean by 'athletic skill' and ultimately
help us to develop skill more adequately,

It is toward a more thorough understanding of the nature and role of
visuo-perceptual processes in skilled gross motor performance that the present

investigation was directed.
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CHAPTER II

REVIEW OF THE LITERATURE

The review of related literature has been divided into the following
sections: (a) Visual Perception, (b) Visual Perception and Motor Performance,
(c) Perception of Movement, (d) Perception of Speed of Movement, (e) Per-
ception of Direction of Movement, (f) Motion Prediction, (g) Other Factors
Affecting Visuo-Perceptual Performances, (h) Visuo-Perceptual Capacities of

the Skilled and Unskilled, and (i) Age and Visuo-Perceptual Capacities.

VISUAL PERCEPTION. Perception may perhaps best be described as a series

of sequentially ordered sensory events beginning with an object or event

in the periphery and ending with an event in the brain of the individual
(34,42,43,45,75,92,102,107,114), Visual perception begins then with the
receiving of certain stimulus information from the external environment in
the form of light rays falling upon the retina of the eye. These light rays
are translated by means of complex chemical processes into a pattern or
series of patterns of nerve impulses which are ultimately transmitted via
complex nerve pathways to the visual sensory area in the cerebral cortex.
Concomitantly with the transmission and arrival of this pattern of nerve
activity in the cerebral cortex, the past experience of the individual is
believed in some way to be integrated with the present pattern of stimulation,
Perception then occurs as a result of a number of complex neural events

occuring somewhere in the higher regions of the brain (12).

VISUAL PERCEPTION AND MOTOR BEHAVIOR. The study of perception and the study

of overt motor behavior have, more often than not, proceeded independently
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of one another. Even though some of the early work of psychologists suggested
that perception and movement might, in fact, be inextricably interrelated in
the production of overt motor behavior, it has not been until recent years
that such phenomena have gained éhe attention of scientists and scholars.
Many psychologists, educators, and physical educators now assert that percep-
tion and movement are but variations of a single mechanism, a mechanism which,
in essence, allows man to direct’ and/or modify his movement in 'accordance
with variations in stimulus patterns' in his external environment (22,54,91,
92).

Recent research concerned with the interrelationship of perception and
movement has, indeed, supported the notion that overt motor performance is,
in the final analysis, a complex combination of both perceptual and motor
events (8,10,18,30,47,70,92,93). That visuo-perceptual and motor information
need be coordinated in a precise manner to produce effective motor behavior
is clearly seen in the results of numerous studies of distortion of visual
feedback (47,92,93). These studies have shown, without exception, that when
visual information related to an overt motor act is spatially or temporally
distorted, the associated motor performance deteriorates markedly. It appears
that only by actively moving the body and/or body parts within the context
of this displaced visual environment can effective behavioral adaptation
occur. Held (50,51,52), for example, found that behavioral adjustments to
rearranged visual fields significantly improved when the individual was
permitted to voluntarily initiate movement within this new environment.
Hoepner (53) and other (92,115) have reported similar findings. After
extensive investigation of this phenomenon, Held concluded that the same

mechanism was probably involved in the individual's adaptation to a rearranged
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visual field as was involved in the original acquisition of spatial behaviors
by the child and that, in either case, movement with its concurrent visual
feedback was a vital ingredient in the development of spatially coordinated
behaviorzr.

Studies involving both lower organisms and humans who were deprived
of vision or visual information for varying periods of their lives also
support the idea that visuo-perceptual information must, in some way, be
coordinated with motor activity in order for normally coordinated spatial
behaviors to develop (68,70,87,88,103,110). Reisen (88) has shown, for
example, that in chimpanzees reared in the dark, the ability to coordinate
movements with spatially perceived objects was completely lacking and built
up slowly only after the animal was put into a natural environment. That is,
the animal began to behave 'normally' only after he had had opportunity to
coordinate visual and motor experiences.

Similarly, Wilson (110) reported that monkeys, neonatally deprived of
patterned light, were much like the newborn infant monkey in that many
visual and visuo-motor behaviors were lacking in these animals. In other
words, there secemed to be a close similarity, behaviorally, between the

newborn monkey and the newly seeing monkey. When the visually deprived monkeys

were exposed to patterned light, visuo-motor behaviors of various kinds began
to appear and in much the same manner as in the young infant monkey. Von
Senden (103) has reported a similar lack in the development of spatially-
oriented visuo-motor behaviors in congenitally blind humans after vision was
restored by surgery. Simple geometric figures which were readily recognized
by touch could not, for example, be recognized as easily (as is generally the

case with the normally-seeing individual) through vision alone.
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In a slightly different approach, Kurke (68) compared the behavior of
chicks who received a regular regimen of motor activity during the first ten
days of their lives with that of a comparable group of chicks who did not
receive such motor experience, Results showed that the depth perception of
the chicks who had had motor experience was significantly superior to that of
chicks who had not had such experience. This suggests that certain visuo-
perceptual capacities may be, to some degree, dependent upon motor experience,

A similar kind of phenomenon has been suggest by Gibson (34, p. 225) as
a result of his work with vision and movement. He states that '"retinal stimu-
lation is actively linked to bodily action from birth onward. . . ." and that
for "every seeing individual there is a co-variation of retinal stimulation and
muscular-tactile stimulation" which vary together in a continuous and unique
way until they ultimately become associated with a specific set of motor or
behavioral reactions. Gibson (34) thus also supports the general belief that
an integral part of the development and refinement of overt behavior is the
coordinating of visual and motor experiences. Regardless of how it is
approached, available evidence leaves little doubt that vision and/or visual
perception assume important roles in refined motor behavior.

Physical educators have not infrequently alluded to the presence and
perhaps important role of visuo-perceptual events in gross motor performances.
Nearly twenty years ago, for example, McCloy (72, p. 34) cited "the judgment
of the relationship of the subject to external objects" as an important factor
in motor educability. More recently Kretchmar (67, p.241) has written that
"it is only through the ability of the body to translate visual cues into
muscular language that things become guides to action." Other physical ed-
ucators (22,54) have suggested that there may, in fact, exist a visuo-per-

ceptual continuum along which various motor performances may be distributed.
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Direct evidence of the role of visual perception in the performance of
motor skills is seen in the work of Fleischman and Hempel (25) who found that
the factors which dominate the early learning and performance of a complex
psychomotor skill were, in fact, visuo-perceptual in nature. That is, the
dominant factors in early learning were those concerned with visualization
or interpretation of various aspects of the visuo-spatial environment. The
factors most important in later stages of learning and performance were, on
the other hand, predominantly motor in nature,

Other factor analytiec studies have also indicated that certain
visuo-spatial factors may be important in the performance of various motor
skills (1,24). Ayres (1), for example, studying the perceptual-motor be-
havior of children identified two main factors which were common to the
nineteen motor tasks involved in the investigation. One was a general
perceptual-motor ability factor dominated by tactile and kinesthetic elements,
and the other a visuo-perceptual factor strongly loaded with tasks more purely
visual in nature.

Fleischman (26), in a study of skilled psychomotor performance, identified
nine factors common to perceptual-motor performances. Four of these nine
factors involved visuo-perceptual capacities. These factors included:

(a) a factor called perceptual speed, or the ability to make

rapid comparisons of visual forms and to note similarities
and differences in form and detail,

(b) a factor called visualization, or the ability to mentally
manipulate visual images of objects, and,

(c) two factors called spatial relations I and II, the first
involving the ability to interpret spatial characteristics
of the stimulus situation and the second the ability to
discriminate direction and to orient movement patterns

accordingly.

G b R b Ll S I e D S - o e e s . N PN

TT R AT WYY ROT SRS OA ST prey

W e ioar s
ETAOL gy et e

3

4
%

Fpe

A =
i ™ PN S ¥
£

R Yo U

AN



e T N

i ST,

- e

Tz 4"

[y

ippet b— . ,
- v N T D That b At S At L M G e 3 S e e T P P R T e VAT O AT S PRI (IR A0, Mt

The remaining five factors were ones characterized by tasks which were pre-
dominantly motor in nature.

Studies relating to gross motor performances are not as plentiful as
those involving fine motor skills, In one study involving the learning of
selected gross motor skills, Stallings (95) found that individuals who
scored high on certain aspects of a 'visuo-spatial abilities test' displayed
significantly superior performances in the early stages of the learning of
these gross motor skills than did individuals who scored low on the same
test. Sherman (91), has also reported that football players were able, with
only brief exposures to the stimulus field, to develop a high degreec of accuracy
in using external visual cues to direct subsequent passing performance.
Graybiel (44) reported that when athletes were deprived of peripheral visual
cues, certain highly refined motor performances, including the javelin and
discus throws deteriorated to a marked degree. The movements of athletes
performing such skills were clumsy and the distances covered by the throws
significantly shorter. This suggests that certain peripheral visual cues
may be important in the performance of certain gross motor skills,

Hubbard and Senge (55) studied visual movements of batters via motion
picture analysis and reported that pursuit movements of the eyes appeared
to be the primary basis for tracking the oncoming ball., These authors
suggest that batting is thus more a visuo-perceptual problem than a motor or
reaction time problem. Although such studies as these are few in number,
they do in general suggest that visual perception is an important component

of gross motor performance.

PERCEPTION OF MOVEMENT, 1In the classic investigation on the thresholds

of visual movement, Brown (14) reported that the threshold for just
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discriminable movement occurred when objects moved at speeds ranging from
0.11 to 0.30 cm/second. This rate of movement is proporiiomal to approx-
imately 2 to 6 minutes of the arc per second. The exact rate of spzed required
for the perception of movement to occur was, in this case, dependent upon
the size of the visual field in which in was viewed. Brown and Conklin (15),
in a later study, used rates of movement varying from 1.61 feet/second to
27.37 feet/second and found that although the threshold for movement varied
as a curvilinear function of both speed of movement and exposure time, thresh-
olds were generally lower for faster rates of movement.

Results of a study by Gottsdanker (39) indicated that the threshold
for the perception of movement could be greatly reduced by placing certain
visual cues in the environment in which the movement was observed. Thresholds
for the perception of peripheral movement, although affected by the same general
phenomena, are usually higher than those of central or foveal vision (42).
These studies would suggest then that no exact or unchanging value for the
threshold of the perception of movement can be stated for such a threshold
is affected by a variety of factors including the size of the visual field,
the speed of the movement, and the nature of the background against which
movement is observed. It is obvious, however, that only minimal amounts of
displacement of an object are necessary for an individual to perceive that

movement is occurring,

PERCEPTION OF SPEED OF MOVEMENT. Several studies have looked at the

thresholds for perceiving differences in the rate or speed of movement
of an object, or difference thresholds (41,80,104). Notterman et al (80)
studied the difference limen for velocity and found that Weber's Law,

pr = &Y

held true for only a very small portion of the total range of
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velocities used in the study. The Weber Fraction, an indication of the
sensitivity to changes in velocity, was quite small for very slow angular
velocities, indicating that only small increments in velocity were required
before the individual perceived a change in the rate of movement. At higher
speeds the fraction became quite large. Thus, larger increments in velocity
were necessary before individuals could perceive a change in the rate of
object movement at faster rates of speed. Gottsdanker et al (41) found that
for the individual to perceive a change in velocity of an object, presently
moving at a constant rate, there had to be at least a 40 to 50% increase

in the speed of movement of that object. He concluded that this may represent
a general insensitivity on the part of the individual to gradual changes in
acceleration. This is, of course, different from the perception of instan-
taneous changes in speed of movement for which thresholds are very low.

The perception of velocity of a moving object may be affected by any
number of factors which may be present in the stimulus situation. Gold-
stein (36) found that visual judgments of the velocity of a moving stimulus
were affected by the amount of time the moving object was viewed. The speed
of movement of the stimulus was perceived to be slower when subjects were per-
mitted to view the object for moderately long periods of time. The most
accurate judgments of velocity were made, strangely enough, when the viewing
time was relatively short. It has also been reported that prior exposures to
a moving stimulus pattern may affect the velocity at which stimuli presented
subsequently are perceived to be moving. Carlson (17), for example, found
that prior exposure to other movement tended to cause the perceived velocity
of a moving light to be significantly reduced, that is, the object was per-

ceived to be moving more slowly that it normally would be.
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The perception of velocity or speed of movement is also affected by
the visual context in which it is observed. Johansson (57) reported that
when two objects were moving simultaneously, individuals tended to experience
what he called a 'velocity synthesis'. What occurred in this 'velocity
synthesis' may be described as follows. A single spot of light moving at
the same rate of speed as a second group of two spots was perceived to be
moving half as fast as the two spots of light. 1In other words for all three
of the dots to be perceived as moving equally fast, the single spot had to be
moving twice as fast as the group of two dots.

Cemelli (28) reported an interesting phenomenon in a study of the visual
perception of movement. When subjects in this study were asked to judge the
speed of two different categories of objects: (a) those normally associated
with movement of some kind (airplanes) and (b) those not generally associated
with movement (geometric figures), the airplanes were always perceived or
judged as moving faster than the simple geometrical forms. Gemelli (28)
suggested that the individual uses his prior knowledge about an object and its
movement in making his judgment about the present speed of movement of that
object. No studies could be found which dealt with the perception of the

velocity of moving objects in three~dimensional space.

PERCEPTION OF DIRECTION OF MOVEMENT., No studies were available which dealt

solely with the perception of direction of movement. Most work has been
concerned with the interdependency of both speed and direction of movement
upon judgments made about a moving object in space. Results of one study
which involved judgments about a moving disk did indicate that direction of
movement tended to be perceived with greater accuracy than did speed of

movement. Cemelli (28) has also reported that if the third dimension is

added, perception of direction is 'quick and evident'.
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Gemelli (28) noted in his study of the moving disk that the direction of
movement of the disk significantly affected the precision with which the
speed of movement was assessed. For instance, movement in a downward directionm,
either perpendicular or slanting, was judged as being more rapid than movement
in either an upward or a horizontal direction. In terms of movement in a
horizontal direction, at slower speeds, objects moving from left to right were
in general judged as moving faster than objects moving from right to left.
This directional effect, however, seemed to be erased at higher speeds. Other
investigators (37,101) have reported no significant effects due to the hori-
zontal direction of movement upon judgments of the speed of a moving object.
Van Waters (101) suggested that the effect of horizontal direction of movement
upon judgments of velocity was a matter of individual differences. For
example, in his study some individuals were more accurate when asked to
judge a light moving from right to left while others were more accurate in
their judgments when the light moved from left to right.

Another study (13) dealing with the angle of approach of the stimulus
object, reported that the closer the angle of approach of the object to the
line of sight of the observer, the greater the extent of movement required
by the individual to make a correct judgment concerning the movement occurring.
When there was zero degrees lateral displacement, the observer was unable to

make an accurate judgment of the movement at all.

MOTION PREDICTION. A number of studies have been concerned with the effect

of target velocity upon a phenomenon referred to as motion prediction (29,
38,40,108). Motion prediction is defined by Weiner (108, p. ) as "an
extrapolation to a future position (of an object) from current informationm."

<
In other words, in these situations, the individual is asked to make certain
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judgments or predictions about the future position of an object based on a
brief or momentary exposure to the moving object. Gibson (33) used the
'Estimation of Velocity Test' to study potion prediction. In this study,
the subjects observed a motion picture of an aircraft flying into a cloud
followed by a shell burst on the screen. Subjects were asked to report
whether the shell had burst behind or ahead of the aircraft which was no
longer visible., Results revealed that most subjects were quite accurate in
their judgments and could detect a deviation of as little as one inch,
Gerhard (29), in reviewing this study, has suggested however that due to
the limited number of alternative responses available to the subject, this may
be somewhat misleading as an indication of the everyday ability to judge
velocity.

In general, available evidence suggests that the accuracy of predic-
tions about a moving target may be directly related to the speed of movement
of that target (29,40,108). Gerhard (29) reported that faster speeds were
more difficult to judge in predicting movement than were slower speeds.. The
task of the subject in this study was to adjust the speed of a 'horizontally'
moving light to match that of a light moving vertically downward so that
both lights reached a specified point in space at the same time. The display
panel for these two lights was partitioned into six sections and was so
arranged that the path of the vertical light could be obscured for as much
as one-half of the length of its path. Results indicated that under these
conditions faster speeds were more difficult to judge than were slower speeds,
Gottsdanker (38)3'in-another“stud&%éiﬁmqﬁiﬁﬁ'prediction;ﬁfougg_that although
the: prediction of the path of a moving object tended to be more accurate at

fast speeds, it was not significantly better than at slower speeds.
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Two studies reported, however, (40,108) that as the speed of movement
increased, the accuracy of motion prediction also increased. That is, the
individual was able to predict the end point of an object's movement more pre-
cisely if the object were moving at faster rates of speed. Gemelli (28) has
suggested that there are some individuals who simply cannot estimate velocity
accurately and that these individuals will regardless of the situation, tend to
make large errors when judging the speed of movement of an object.

In an attempt to determine what other factors might affect motion prediction,
Gerhard (29) blocked out various portions of the visual field, ranging from 20%
to 80%, in which moving objects were viewed. Results indicated that blocking
out as much as 80% of the visual field had little or no effect upon the accuracy
of the motion prediction performance. In fact, initial quick judgments were
with regard to estimating the speed of movement of an object, the most accurate,
It is interesting to note that in the study by Gerhard (29), a fairly orderly
sequence of events seemed to occur in these motion prediction performances. First,
the subject judged the speed of the vertical light and adjusted the speed of the
horizontal light accordingly. He then made no further adjustments until the
vertical light reappeared at which time only small final adjustments were made in
the speed of the horizontal light. This suggests that the individual may make
an initial gross judgment of the speed of the moving object and then, if necess-
ary, make smaller or finer adjustments at a point later in time, This would not
seem to be too far afield from the kind of thing which might logically occur in

a three-dimensional sports situation.

OTHER FACTORS AFFECTING VISUO-PERCEPTUAL PERFORMANCE. Evidence indicates that if

the series of events leading to 'perception' is interrupted at any stage

between its point of origin in the periphery and its end point in the
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cerebral cortex, perception as we normally think of it does not occur (10, 12,
79). It has been shown experimentally that a number of factors may affect
the intricate processes underlying visual perception. 1In fact, interpretation
or perception of a particular stimulus situation may vary markedly according
to the number, nature and arrangement of the elements or events making-up

the total stimulus complex(2,3,21,27,35,59,60,69,71,82,97,106).

Evidence suggests, for example, that the background or context in which
stimulus objects or events are viewed may affect visuo-perceptual judgments of
a given stimulus situation. French (27) studied the effect of a background
of visual noise on the recognition of certain visual target patterns and found
that increasing the amount of target noise (confused visual background)
produced a steady decrement in the ability of the individual to visually
identify various target patterns. Thresholds for perceiving curvature in a
line have also been reported to change as a result of the visual context in
which they are viewed (97). 1In a slightly different vein, Gogel (35) in-
vestigated the perception of the relative distance of objects in the visual
field and indicated that such perceptual judgments may be readily influenced
by the presence of other distorted objects in the visual field of the observer,
This of course suggests that subtle changes in the background or content of
the visual field may bring about considerable variation in visuo-perceptual
judgments.,

Several studies have reported that changing the spatial relationships
between the stimulus object or event and the observer affected the individual's
ability to interpret or perceive a given stimulus situation (21,59,85,106).
Rochlin (85) reported that individuals were less accurate in their perception

of parallelness when judging tilted or obliquely-placed lines than when
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ported definite changes in the perceived size of various angles as a function

of the position of the angle in the visual field. Errors in estimated size

were greatest for those stimuli located in the upper right and left quadrants

of the visual field. Other investigators (59,82) have found that individuals

tend to be more sensitive to stimuli in certain parts of the visual field than

in others. Overton and Wiener (82) found, for instance, that the threshold
for word recognition was significantly lower in the right visual field than
in the left.

In a study by Kabrick (59), subjects responded with a simple move-
ment to visual stimuli located at a variety of points in the visual field.
Individual reaction time to visual stimuli positioned more than 300 above
the horizontal and/or more than 550 from the center of the visual field was
significantly slower than to stimuli located at other points in the visual
field. Similarly, Banzejova (3) found that reaction times to stimuli place
at increasingly greater angular displacements from the point of visual fix-
ation increased steadily and became significantly longer at positions of
50—70o lateral displacement. Smith's work (92) has also indicated that
various angular displacements of the visual field may affect the same motor
performance in completely different ways.

Changes in the position of the observers may also affect the accuracy
of the perceptual judgment (23,71). 1In a study by Matin (71), subjects
viewed a dark room with monocular vision and were asked to report the loca-
tion of a light flash relative to a fixation target which was seen three

seconds before. Results indicated that if the subject faced the fixation
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target squarely, the threshold for the perception of displacement of the
light flash was lower than if he were positioned to the right or the left of
the fixation target. Damron (23) had subjects view slides from positions at
various angular displacements along the horizontal plane. These angular dis-
placements were directly related to positions which members of a football
team might occupy on the playing field. Slides viewed from the most extreme
angles (right or left ends) were the most difficult to recognize or perceive
while those viewed from positions just off-center (right or left guard
positions) were most easily perceived. Evidence such as this suggests of
course that very subtle changes in the nature, background, or position of

the stimulus or observer may affect the precision of a given visuo~-perceptual

judgment.

VISUO-PERCEPTUAL CAPACITIES OF THE SKILLED AND UNSKILLED.

Depth Perception. Available research involving differences in visuo-

perceptual capacities of performers of different skill levels is scanty and
contradictory. Graybiel (44), reporting on Russian studies of vision and
sports performance, has presented some evidence to support the notion that
there may be a relationship between proficiency in certain sports skills

and depth perception faculties. One such study indicated that, as a group,
highly-skilled tennis players perceived depth more accurately than did
players less highly skilled in the game of tenmnis. Other investigators

(4, 81) have reported similar findings. Olsen (81), for example, used the
Howard-Dolman apparatus to measure depth perception of athletes and non-
athletes and found that athletes were significantly superior to non-athletes
in their depth perception performances. Bannister and Blackburn (4) compared
the inter-pupillary distances (purported to be an indirect measure of depth

perception) of males classified as ‘good' in games with those classified as
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'poor' in games and reported that athletes tended to have significantly
greater inter-pupillary distances and thus significantly better depth per-
ception than the 'poor' or unskilled person.

Other studies have, on the other hand, found little or no evidence
of differences in depth perception capacities between performers of different
levels of ability. Clark and Warren (20), in an extensive investigation,
reported the following results: (a) no significant relationship between
inter-pupillary distance and depth perception performance; (b) no significant
differences between athletes and non-athletes in inter-pupillary distance;
and (c) no significant differences between athletes and non-athletes in
depth perception as measured by performances on the Howard-Dolman apparatus.
These investigators suggest that depth perception performances as measured
by these particular techniques may be of a completely different nature than
that which is involved in skilled performances in three-dimensional sports
situations, and thus one should not expect to find differences between the
athlete and the non-athlete.

Peripheral Vision and Visual Acuity. When aspects of vision and visual

perception other than depth perception have been looked at as a basis for
distinguishing among different levels of ability, results have again been
conflicting. Olsen (81), studying the visual span of athletes and non-
athletes, found that athletes were superior to non-athletes in span of
apprehension. That is, athletes could take in or recognize a significantly
larger number of elements in a single glance than could the non-athlete.
Stroup (96), too, presented evidence of a significant difference between
basketball players and nonbasketball players in terms of the extent of their

peripheral fields. of motion perception. Barclay (5), however, reported that

RS

St e 2o b ks

B s e



P L AT CE T a w vs 4 e

S50~ Y TSR TACE, G 4, TS T e

Sere,

FE RPN, STIRC ISR TR S1 s e R e 4 et oty e e

me F,

success in basketball shooting was not, in any way, related to measures of

peripheral vision.

In terms of visual acuity or sharpness of vision, both Barclay (5) and
Tussing (98) reported no relationship between visual acuity and success in
sports situations.

Other Visuo-Perceptual Categories. Results of a study of some 162 men

and women of varying degrees of athletic prowess, ranging from the champion
athlete to the low-skilled individual, indicated that certain visuo-perceptual
capacities seemed to account, in large part, for differences in performances
of skilled and unskilled individuals (74). These visuo-perceptual capacities
included depth perception, static balance performances (thought to involve

a visual factor of some nature), and performances on the McCloy's Blocks

Test (a task which is believed to measure the individual's ability to make
quick, adaptive judgments about visual stimuli), Pierson (83) found,
however, no significant differences in the performances of fencers and
non-fencers on the same Blocks test,

In a study involving the relationship between figure-ground perception
and the accuracy of bodily adjustments made by the individual to an on-
coming tennis ball, Kreiger (66) found that these two abilities were more
highly correlated in individuals of intermediate tennis skill than in
players of beginning skill levels,

Graybiel (44) has reported, again from the Russian studies on vision
and sport, that certain basic differences may, in fact, exist in the delicacy
and sensitivity of the 'eye-movement' apparatus which individuals classified
as athletic or non-athletic may possess, It would appear that the athlete
may have an 'eye-movement' apparatus which is superior to that of the non-

athlete,

20
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In summary, then, there appears to be some evidence to suggest that
different visuo-perceptual abilities may at different times assume roles
of varying importance in the performance of gross motor skills. Past investi-
gations have not as yet been able to pinpoint the nature of the differences
in visuo-perceptual capacities, if any, which may exist between the skilled

and the unskilled individual.

AGE AND VISUQO-PERCEPTUAL CAPACITIES.

Depth Perception. Considerable capacity for depth perception may appear

early in infancy. The famous 'visual cliff' study by Walk and Gibson (32),
for example, indicated that even before six months of age, the child was able
to perceive depth in the form of a drop-of:. Bower (11) found that even
younger infants responded accurately to differences in distances of cubes
placed before them, That is, at six weeks, the infant was able to make some
gross differentiation between objects that were nearer and those that were
farther away from him. Gesell (30) reported that binocular convergence (the
ability to focus both eyes accurately on ar object and thus a forerunner of
true depth perception) appeared, on the average, at the end of the second
month. These findings suggest, then, that some primitive type of depth per-
ception, geared to perceiving features of ithe environment which are ultimately
essential for adaptation to the three-dimer.sional space world of the adult,
are functional in the infant even as early as 1% to 2 months.

Studies concerned with depth percepticn capacities in childhood (113)
have shown that in a situation where naturzl environmental cues are present,
the child, two years and above, can discrininate depth as accurately as can
the adult. If such cues are removed, howeer, the child's performance deter-

iorates. In such a situation, the adult "w.s little difficulty in continuing
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to perceive depth as accurately as before. Gesell (30) has noted that although
a five year old may see no difference between a flat and a stereoscopic

slide, a six or seven year old rarely if ever fails to see depth in the
stereoscopic slide. It would appear that although the ability to perceive
depth appears early, finely differentiated judgments of depth are not well-

developed until the sixth or seventh year.

Spatial Directions. Evidence indicates that children master the various

sectors of space in a fairly orderly sequence (30,62). Verticals are mastered
first, followed by horizontals, and last by the apparently more complex
obliques or diagonals. By seven or eight, the child has no difficulty dis~
tinguishing between the vertical and the horizontal, the upright versus the
inverted, and most children at this age can learn rather easily to tell the
difference between a horizontal and an oblique line. Discriminations involving
vertical and oblique lines, however, are a little more difficult as are dis-
criminations involving two oblique lines (56). Katsui (62) has noted that
eight year olds, although having mastered most aspects of space, still have
difficulty with right-left or mirror images. Not until about the age of nine
or so then does the child gain complete mastery over the various facets of
spatial direction. Studies concerned with the perception of the direction

of moving objects as a function of age could not be found.

Perception of Movement. Not a great deal is known about the perception

of movement in general and even less seems to be known about its development
in children. Gesell (30) has reported that almost from the moment of birth,
the child appears to show an awareness and fascination for movement i: his
environment. Haith (46) too has found that an infant, three to five days

old, will respond positively to the intermittent movement of a visual stimulus,
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This suggests that movement of objects in the environment may be one of the
'salient' features of the infant's space world and thus the perceptual mechanism
of the young infant is geared to perceive movement from the very beginning of
iife.

According to Gesell (30), the child at five can follow a target moving
at increased rates of speed and through fairly complex paths. Eight and nine
year olds had progressed considerably in their judgments of the speed and
direction of a moving target and rarely, if ever, overshot or lagged behind
the target in their visual pursuit movements. Children of this age, however,
seemed to be greatly influenced in their judgments of range or speed of move-
ment by the total situation in which the movement occurred. For example, if
two objects, started at the same point in space were moved, one along a straight
path and the other along a very crooked path, the child when asked to make
one 'go as far as' the other, stopped the former opposite to the latter
regardless of the different length of the two paths(59). In terms of relative
speed, one object was judged to move faster than another only when it was
observed to go past the former. Thus perceptual judgments involving certain
time-space-force concepts appear to be relatively undeveloped in the eight
and nine year old.

In an isolated study of the effects of speed and direction of ball
flight upon the catching performance of elementary school children, Bruce (16)
reported that ball velocity significantly affected the catching performances
of second and fourth grades but had no effect upon the catching performances
of sixth graders. Younger children appeared to perform better when t-e ball
was moving-at a slower speed. The direction of ball flight had no effect upon

the child's catching performance at any of the ages studied.
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A recent study by Williams (109) indicated that the child may begin to
develop a more refined capacity for making complex perceptual judgments about
moving objects in space sometime during the upper elementary school years.

For example, this study found that fourth, fifth, and sixth graders were
significantly more accurate in judging the flight of a tennis ball than were
first, second, and third graders. Williams reported that although children

at six, seven or eight years of age responded quickly to the tennis ball,

their judgments about the flight of that moving object were grossly inaccurate.
Not until eleven years of age could the child make both rapid and accurate
judgments relative to the flight of the moving object in space.

Other Perceptual Capacities. Gibson (31) reported a significant differ-

ence between the performances of second, fourth and sixth graders and those
of adults in being able to pick out a specific form (a letter) from a context
of other extraneous perceptual items. Younger children in this study required
a significantly longer time to pick out the correct letter than did older
children. Adults were always more efficient at performing this perceptual
task than were children of any age. In a slightly different but related
experiment, five and six year olds were asked to judge the 'lightness'
of target objects when more than one object was presented at a time (6).
These children showed great difficulty in making this perceptual judgmeat
accurately. When targets were presented singly, however, the children
performed at the same level as adults. Such studies as these point then to
the presence of subtle but perhaps significant differences in the visuo-
perceptual capacities of the child and the adult.

Overall, evidence would suggest that the child, by the end of the
sixth or seventh year, is in terms of certain visuo-perceptual capacities

(including depth perception and mastery of spatial direction) nearly mature.
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Other visuo-perceptual capacities involving, for example, judgments about
the flight of moving objects in three-dimensional space or the perception
of relative speed of movement, continue to undergo refinement with age and
may not become mature until after the age of eleven years. Age differences
in visuo-perceptual capacities of the adolescent seems to have been little
studied and no research relevant to the role of visuo-perceptual capacities

in sports situations as a function of age could be found.

SUMMARY. Available evidence indicates that visual perception plays an im-
portant role in overt motor behavior. Studies which have investigated the
nature of visuo-perceptual judgments in general have shown that such judgments
are readily affected by a variety of factors, the most important of which
seem to be the number or nature of the elements making up the stimulus complex
and/or the spatial relationship between the stimulus and the observer.
Studies involving the perception of velocity and/or direction of movement
suggest that both of these elements may be important in the ultimate accuracy
of judgments made about the movement of objects in space. However, most of
the research reported by psychologists has dealt with the perception of move-
ment of rods, lights, and/or disks in two-dimensional space. Few, if any,
studies have looked at visuo-perceptual judgments of moving objects in three-
dimensional space and no research has, to date, been directed toward the problem
of defining the stimulus parameters which might affect the accuracy of the
visuo-perceptual judgments involved in dynamic sports situations. The need
for work directed toward the investigation and clarification of such phenomena
is evident,

Although there is some evidence available to suggest that differences

in visuo-perceptual abilities may exist between performers of different
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skill levels, such evidence is at present inconclusive. Studies which have
been conducted along these lines have, in general, involved the use of 'static'
measures of isolated aspects of the visuo-perceptual processes. For example,
performances on tests of static depth perception have, more often than not,
been compared to performances requiring rapid responses to moving objects in
space. The vastly divergent nature of the abilities involved in these two
types of situations has no doubt contributed to the tenuous and conflicting
results reported. Research directly concerned with differences between the
skilled and the unskilled in terms of the speed and accuracy of visuo-per-
ceptual performances involving moving objects in space is notably lacking

in the literature,

Age seems also to be an important factor affecting the individual's
visuo-perceptual performance. Still, little or no study has been given to
the question of whether or not such age differences continue to be important
after early or middle childhood. Research concerned with the effects of age
on the kind of visuo-perceptual judgments involved in three-dimensional
sports situations is generally non-existent.

In summary, then, there seems to be little theoretical doubt that the
visuo-perceptual mechanisms at work in dynamic sports situations are indeed
complex and that the 'static' measures of the visual and/or visuo-perceptual
processes which have heretofore been used by researchers in investigating

such phenomena can neither adequately nor accurately describe the nature .

or importance of the functioning of such mechanisms. The need for further
clarification of the nature of visuo-perceptual responses in gross motor
performance and the development of measures and instrumentation which are

sensitive to evaluating such problems is self-evident.
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CHAPTER III

'

STATEMENT OF THE PROBLEM

The purpose of the present study was threefold: (i) to assess the effects
of systematic variation in velocity and direction of ball flight upon visuo-
perceptual judgments made about moving objects in space; (ii) to establish
whether or not highly-skilled and poorly-skilled performers differ in their
ability to make accurate visuo-perceptual judgments about the flight of
moving objects in a three-dimensional sports situation, and (iii) to assess
the effect of age or maturity level of the individual upon the speed and

accuracy of such visuo-perceptual judgments.

Problem I. Effects of systematic variation in velocity and direction of
ball flight upon the speed and precision of v1suo-perceptua1
Jjudgments about moving objects in three-dimensional space,

Successful performance in many sports situations, it has been suggested,
requires that the performer interact in precise ways with fast-moving objects
in space. Successful adaptation to such a situation would seem to require
that the performer make a judgment about certain stimulus characteristics of
the moving object in space. Evidence indicates that,, as a result of certain
subtle changes in stimulus conditions, judgments about a given stimulus
situation may vary markedly. This suggests then that the speed and accuracy
with which visuo-perceptual judgments are made about moving objects in three-
dimensional sports situations may vary as a function of differences in the
speed and direction of the flight of the moving object. The following

questions therefore should be important ones for physical educators to

answer:

o

(a) What effect does the speed of the moving object have upon the
visuo-perceptual judgments made by the sports performer,

(b) What effect does the horizontal and/or vertical direction of
object flight have upon judgments made by the individual about

the flight of the moving object, and
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(¢) 1Is there an interaction involving both speed and direction of
object flight which makes for ease or difficulty in judging
the flight of a moving object in three-dimensional space?

Problem II, Effects of level of skill upon the speed and accuracy of visuo-
perceptual ju dgments made in in three-dimensional s sports situations.

Observation of the overt performance of a poorly-skilled individual
reveils that he is deficient in his motor output, that is, that the movements
he makes are frequently awkward as well as inefficient. We do not know from
this simple observation, however, if the movement patterns of these individuals
are a result of purely motor faculties such as lack of strength, speed of
movement, etc., or if such performance inadequacies are in part due to an
initially faulty interpretation of the visuo-perceptual cues involved in the
motor performance. If, in fact, the initial task facing the performer in
many sports situations is a visuo-perceptual judgment, then one might hypo-
thesize that the poorly-skilled performer is poorly-skilled in part because
he cannot ‘'interpret' differences in stimulus situations rapidly and accurately
enough to order the proper adaptive movement. Conversely, this suggests that
the skilled performer may be able to make both rapid and accurate judgments
about a wide variety of stimulus conditions and thus perform more effectively
in situations demanding refined visuo-perceptual judgments. The question of
whether or not such differences in visuo-perceptual capacities do, in fact,
exist between the skilled and the unskilled performer would seem to be an
important one to answer.

Problem III. Effects of age or maturity level upon visuo-perceptual judgments

about the speed and direction of moving objects in three-
dimensional space.

Research suggests that visuo-perceptual abilities may be important in the
performance of certain gross motor skills and that the ability to make certain
refined visuo-perceptual judgments is partly a function of the age or maturity
level of the individual. If this is true, then it should be of value to out-
line what age-maturity differences, if any, exist in the individual's ability

to visually judge the flight of a moving object in three-dimensional space.
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CHAPTER IV
PROCEDURES

Procedures relevant to the organization and collection of data are
presented in this section. The major categories to be discussed are: (1) the
task, (2) the general experimental schema, (3) the variables, (4) measures of
the visuo-perceptual performance, (5) selection of the subjecis, (6) collection

of the data and (7) analysis of the data.

THE TASK. The problem under study was centered around the following exper-
imental situation. A tennis ball was projected into the air from a Tennis
Ball-Boy machine, This ball was interrupted in its flight by a canvas sus-
pended four to five feet above the head of the subject who stood waiting at
a prescribed point beneath the canvas. (See Figure 1, p. 30.) Subjects
thus never actually came into physical contact with the ball and saw only
the first portion of its flight.

The subject's task was, by using the visual cues received from the
observable portion of the object's trajectory, to decide where the ball was
going in its flight and to move to that spot on the floor where he judged
he should be in order to catch the ball at chest height. 1In other words,
the subject was asked to visually judge the path of the moving object, to
decide upon an 'optimum' point for interception, and then to move as
quickly as possible to that spot. The emphasis was not on how efficiently
he moved to this 'selected' spot but rather upon how rapidly he could decide
where to go and upon the ultimate accuracy of this judgment. (Specific

instructions given to each subject may be found in Appendix A, p. 13l . )
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THE GENERAL EXPERIMENTAL SCHEMA. The general experimental schema was as

follows. See Figure 1, p. 30, (More detailed descriptions of the apparatus
may be found in Appendix A, pp.133-135.)

A = Tennis Ball-Boy Machine. A Tennis Ball-Boy, located in the west end of

the Women's Gymnasium, was used to project tennis balls into the air under
twelve (12) different combinations of speed and vertical and horizontal
angles of projection.

B = Rotatory Platform. The Tennis Ball-Boy Machine was secured to the top

of a rotating platform which consisted of a 2' x 3' heavy wooden strip attached
to a metal pivotal base approximately six inches high. This rotatory plat-
form was used to regulate the horizontal angles of object projection and thus
the horizontal direction of object flight,

C = Hale Reaction Timer. A Hale Reaction Timer, located just to the right of

the Tennis Ball-Boy machine, was used to initiate the action of the Ball-Boy
machine and to measure the reaction time of the subject. That is, the clock
on the Hale Reaction Timer was set-up to record the time required by the
subject to judge the flight of the oncoming tennis ball.

D = Visual Barrier. A visual barrier, four feet high and ten feet wide,

was erected directly in line with and at an eighteen foot distance from the
Ball-Boy machine. The purpose of the visual barrier was to eliminate, as
much as possible, any visual cues relative to the flight of the tennis ball
that the subject might receive from sources other than the actual ball flight
itself. For example, the Ball-Boy machine had to be rotated to the right and
to the left to obtain the desired variation in horizontal direction of object
flight. The movement of the machine itself could have served as an extraneous

cue for judging the right-left direction of the ball's trajectory. The use
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of the visual barrier eliminated the possibility of using such cues. No
sound cues were available to the subjects.

F = Subject's Starting Position. All subjects started from a common starting

point underneath the canvas (E), approximately fifty-five feet (55') from
the source of object projection. The subjects stood on a large footpad,
facing the Ball-Boy, and awaited the projection of the ball in a relaxed,

ready position.

G = Double Footpad. A double footpad was secured to the gymnasium floor by

masking tape. This footpad consisted of two individual footpads placed one
on top of the other and taped together with adhesive tape. Footpad 1 was
connected to the Dekan Timer and activated the clock used to record the
movement time of the subject. Footpad 2 was wired to the reaction time

clock on the Hale Reaction Timer.

H = Dekan Timer. A Dekan Timer was used to record the movement time of the

subject, that is, the amount of time needed by the subject to get to his

' judged' point of interception. This timer was located to the left and
approximately twenty feet (20') away from the subject's starting point under
the canvas. This location permitted the tester to clearly observe the move-
ment of the subject in any direction.

I = Visual Background and Lighting. A dark blue curtain was hung behind the

Ball-Boy machine so that it stretched across the main portions of the subject's
visual field. This provided a homogeneous background against which to view
the moving objects in space. Large unbleached muslin curtains were used to
cover the side windows in the gymnasium (I') to further insure the cor3istency
of viewing conditions. Only the area in front and to the sides of the can-

vassed area was directly lighted by overhead lamps located on the ceiling of
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the gymnasium. The remainder of the gymnasium was lighted indirectly by
natural sunlight.

J = Tennis Balls. Balls used in the study were forty-eight (48) unused,

white MacGregor Tournament tennis balls.

THE VARTIABLES. Five variables were selected for study in this investigation.

They included:

1. Age or Maturity Level. Subjects were selected from three grade levels:

junior high, high school, and college age populations. These groupings
provided the basis for looking at differences in visuo-perceptual perform-

ances as a function of age or grade level.

2, Skill level. Subjects were further classified into skilled and non-

skilled groupings based upon baseball experience, in order to assess the
effects of level of skill upon visual judgments concerning the flight of
moving objects in three-dimensional space.

3. Speed of Object Projection. Two levels of speed of object projection

were selected for study. See Table 1 below. This variation in speed per-
mitted an assessment of the effects of velocity of ball flight upon judgments

of the moving objects in space.

TABLE 1. DESCRIPTION OF THE EXPERIMENTAL VARIABLES

DESCRIPTION OF VARIABLE

LEVEL SPEED HORIZONTAL ANGLE  VERTLCAL ANGLE
1 Fast-48.0'/sec. Right~50 High-44010"
2 Slow=-39.7'/sec. Center-0° Low-34022'
3 Left-50

§
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4, Vertical Angle of Object Projection. Objects were projected at each of two

vertical angles. The two levels of vertical angle of projection were used to
assess the effects of the vertical direction of object flight upon visual
judgments concerning the flight of the moving object.

5. Horizontal Angle of Object Projection. Objects were projected at each

of three horizontal angles: (a) directly at the subject; (b) to the right of
the subject; and (c) to the left of the subject. These variations in
horizontal angle of projection served as the basis for determining differences
in visuo-perceptual judgments as a function of the horizontal direction of

object flight.

Selection of the Levels of Speed, Vertical and Horizontal Angles of

Ob ject Projection.

Speed. The primary considerations in the selection of the two levels of
speed were (1) the variation in force with which the machine was designed to
project the ball and (2) the desirability of allowing the subjects sufficient
time, when starting from a common point of origin, to actually intercept the
ball had it not been interrupted in its flight by the canvas suspended over
the subject's head.

The Tennis Ball-Boy Machine used in this study was designed to project
balls at each of three different speeds. (These speeds were regulated by a
lever located at the lower-right front of the machine.) Forty (40) balls
were projected at each of these speeds (in combination with four different
vertical angles) in order to determine whether or not balls projected at these
three speeds could be successfully intercepted at chest height by the average

individual. Subjective evaluations of the catching performances of two
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freshman women enrolled in the General Required College Physical Education
Program at the University of Toledo indicated that, with both subjects starting
at the same point in the center of the floor, balls projected at any of the
three speeds could, in fact, be reached in time by these subjects to be
intercepted at chest height. Since the maximum and minimum speeds at which
the Tennis Ball-Boy could project a tennis ball provided for tﬁe greatest
differences in object flights in terms of the horizontal distances covered

by the trajectories, these two speeds were selected as the two levels of the

speed variable.

Vertical Angle of Projection. Four criteria were used in the selection of

the vertical angles of object projection:

(a) the maximum vertical angle .of projection had to be such that
the object (projected at maximum speed) would not be interrupted
at any point in its flight by the beams on the ceiling of the
gymnasium,

(b) the minimum vertical angle of projection had to be great
enough to insure that the ball, when projected at either of the
two speeds, could be easily intercepted by a canvas suspended
over the head of the subject;

(c) the difference between the two angles had to be large enough
to allow for immediately recognizable differences in the
vertical direction of object flights, and

(d) balls projected at either of the vertical angles selected had

to allow the subject sufficient time to reach the desired p:-int

of interception.
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Working within the limits of these criteria, four settings of the vertical
angle of projection were selected for further experimentation. These will be
referred to as Vertical Angle I, Vertical Angle II, Vertical Angle III, and
Vertical Angle IV. Forty (40) balls were then projected at each of these

four angles in combination with the two speeds previously selected. Sub-

‘jective observations of these projections indicated that only balls projected

at Vertical AngleI came into contact with structures on the ceiling of the
gymnasium. Since it was desired to have the two angles as divergent as
possible, Vertical Angles II and IV were selected for additional pilot work.
Again forty (40) balls were projected at each of these two angles
(in combination with the two levels of speed). Subjective evaluation of
the catching performances of two college freshman women indicated that balls
projected at either of the two vertical angles could be reached in time by
these subjects to be successfully intercepted. These two angles were then
adopted as the two levels of the vertical angle of object projection.
Subsequent to the selection of the two speeds and vertical angles of
projection, fifty (50) additional balls were shot at each of the four
combinations of these variables in order to determine the units of each of

these variables. (See Estimation of the Values of the Levels of Speed

and Vertical Angles of Object Projection, p. 38.)

Horizontal Angle of Projection. To aid in the selection of the horizontal

angles of projection, a large protractor was constructed and placed under
the center of the pivotal platform upon which the machine rested. (See
Appendix A, p.135.) The machine itself could be rotated so that the
horizontal angle of projection ranged from 00 to 450 right or left. The

specific angle of projection was clearly indicated on the protractor by an
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arrow which was drawn on the front of the pivotal platform and which extended
out over the surface of the protractor.

Several horizontal angles of projection were sclected for investigation
on the basis of the distance (right-left) involved in the subject's movement
from his original starting point to the optimum point of interception. The
angles selected for study are shown in Table 2 shown below. Ten balls were

TABLE 2. HORIZONTAL ANGLES OF PROJECTION: DISTANCE
IN FEET RIGHT OR LEFT OF SUBJECT'S STARTING

POINT TO OPTIMUM POINT OF
INTERCEPTION

. HORTZONTAL ANGLE OF PROJECTION
coNpITION 190 3Y 50 79 gV 11Y

Slow-High .84'" 2.50' .-4.94'. .5.85' 7.50'  9.16!

Slow-Low .87' 2.60' 5.15' 6.09' 7.80' 9.54'

Fast-High 1.13' 3.46' 6.73' 7.92' 10.16' 12.40'

Fast-Low 1.17' 3.56' 6.94' 8.16' 10.48' 12.78'

projected at 30, 50, 70, and 99 and the catching performances of two college
female subjects used in previous pilot investigations observed. (Horizontal
angles of projection greater than ten degrees or less than three were not
used in pilot investigations because the distance involved in the first case
was too great, in\the second too small, to be of practical value in the
present study.) Each series of ten balls was projected in a predeter-
mined random right-left order.

The results of this preliminary investigation indicated that only
under the five degree condition did the subject have sufficient time to get

to the desired point of interception easily under all conditions and yet
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still have to make a definite move to the right or left. In addition, this
variation in horizontal angle of projection also provided for easily recog-
nizable differences in object trajectories in terms of the horizontal direction
of object flight. For these reasons, then, the five degree (50) horizontal
angle of projection was selected

Estimation of the Values of the Speed and Vertical Angle Variables.

Fifty (50) balls were projected at each of the four combinations of speed
and vertical angles of projection previously selected for use in the study
to determine the numerical values of these speed and vertical angle of pro-
jection variables. These combinations included: Fast Speed-High Angle;
Fast Speed-Low Angle; Slow Speed-High Angle; and Slow Speed-Low Angle. The
procedure used in estimating these figures was as follows. The time of
flight of each object projection was measured to the nearest one-hundredth
of a second and the horizontal distance of that flight recorded in feet.
The height at which objects were projected was constant, 3.5 feet above the
ground. The velocity and vertical angle of projection of each of the ball
flights was calculated by procedures described by Mortimer (76).

One hundred individual estimates of each of the two speeds and
vertical angles of projection were obtained. The average of these one
hundred estimates then were the assigned numerical values of these variables.
The average values of the one hundred estimates are shown in Table 1, p.33.
The two speeds of object projection were identified as: Fast Speed or 48.0
feet per/second and Slow Speed or 39.7 feet per/second. The vertical
angles of object projection were: High Angle, 440 10' and Low Angle. 40

22', Other characteristics of the object trajectories are summarized in

Table 3, p. 39.

W4 e B i

YV ST Y ppempesaenry mEm e«
.



- TR

39

TABLE 3. CHARACTERISTICS OF OBJECT TRAJECTORIES

VERTICAL
HORIZONTAL DISTANCES DISTANCE TIME

High 3' Above 4' Above TO HIGH To High
CONDITION Total Point Floor Floor POINT Total Point
Slow-
High 50.58' 23.54! 47.67! 47.08' 16.59!' 1.87 .884
Slow-
Low 53.9 ' 24.65! 49,82! 49.30! 13.71! 1.65 777
Fast~
High 68.5 ' 32.15! 65.07" 64.26! 18.16" 2.03 .938
Fast~
Low 72.,25'" 32,98! 66.73! 65.96! 13.72! 1,71 .776

Consistency of Object Projections. The standard deviation of

the distribution of end points of fifty (50) object projections was used

as an estimate of the consistency with which the machine projected balls

to the same spot, trial after trial., Since the consistency of object pro-
jections could logically be assumed to be the same regardless of horizontal
angle of projection, balls were projected at a single horizontal angle

(0°) and standard deviations for flights based on speed and vertical angles
of projection only were determined.

The distribution of the landing points of the four main object
trajectories are shown in Figures 2,3,4 and 5 on pages 40-43., Means and
standard deviations were calculated for both right-left and short-long
deviations in landing points. These figures are shown in Table 4, p. 44.
In general, the variability in the landing points of the four object
trajectories was minimal. Balls projected at a 440 vertical angle of

projection appeared to be slightly more variable than those projected at 349,
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TABLE 4. SUMMARY TABLE: MEANS, STANDARD DEVIATIONS, AND RANGE uF THE
DISTRIBUTION OF LANDING POINTS OF 50 OBJECT PROJECTIONS (IN

INCHES )
SLOW SPEED- SLOW SPEED~ FAST SPEED- FAST SPEED-
HIGH ANGLE LOW ANGLE HIGH ANGLE LOW ANGLE
Dist. Lat. Dist. Lat. Dist. Lat. Dist. Lat.
Dev. Dev. Dev. Dev. Dev. Dev. Dev. Dev.
MEAN 82.0" 9.0" 41.84" 7.78" 43,32" 15,32" 88.38" 8.62"N
STANDARD
DEVIATION 12.4" 7.6" 8.51" 5.24" 10.94" 5.59" 7.18" 6.59"
RANGE 52.0" 45,0" 42.,00" 43,00" 47.00" 44,00" 31.00" 38.00"
NO. WITHIN
OAOQI* 46 ' 48 46 48
DIMENSIONS
OF OAOI* 50" X 45" 36" X 36" 44" X 40" 29" X 36"

*Optimum area of interception

MEASURES OF THE VISUO-PERCEPTUAL PERFORMANCE, Measures of the visuo-perceptual

performance included reaction time, movement time, and three measures of the

accuracy of the spatial judgment.

Reaction Time. Reaction time was defined as the period of time elapsing

between the projection of the ball from the Ball-Boy machine and the subject's
first gross overt movement toward the spot on the floor where he judged he
should be to intercept the ball at chest height.

To measure-reaction time, an electical circuit was set up so that a
clock, Glock A, on the Hale Reaction Timer was started simultaneously with
the projectioﬁ of the ball. (See Appendix A, p. for a detailed descrip-
tion of this circuit.) The circuit was closed and the clock stopped when

the subjéct moved away from his initial starting position. Time was
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recorded to the nearest one-hundredth of a second. This measure served as
an estimate of the speed with which visual judgments of the flight of the
tennis ball were made.

Movement Time. Movement time, defined as the time elapsing between the

subject's first gross overt movement away from his original starting position
and his arrival at his 'selected' point of interception was measured by a
second electrical circuit., This circuit was arranged so that a Dekan Timer

was started when the subject stepped off the footpad. The Dekan timer was
stopped manually by the experimenter when the subject came to a complete stop

at his 'selected' point of interception. Time was again recorded to the nearest
one-hundredth of a second and measured the time required by the subject to get

to his 'selected' point of interception.

THE OPTIMUM AREA OF INTERCEPTION. To establish a basis for measuring the

accuracy of the subject's spatial judgment, the concept of an 'optimum area of
interception' was outlined. The logic behind the derivation of this concept

was as follows., First, a 'good' or 'successful' catch may be defined in terms
of the position in which the object is intercepted in relationship to the body.

For example, a 'good' catch might be one in which the ball is intercepted in

front of the body at waist height or as one in which the ball is intercepted at
the side of the body at shoulder level, and so on. Thus a 'good' catch may be
distinguished, operationally, from a 'poor' catch simply by stating the height
and the spatial position in relation to the body in which the ball is to be
intercepted.

Such a definition of catching performance leads to the concept of an
'optimum point of interception'. If a catching performance is defined in
terms of the height and spatial position (relative to the body) in which

the ball is to be intercepted, it follows then that there must exist an
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identifiable point or position in space where the individual must be if he is
to contact or catch the object successfully. That is, for any catching per-
formance, defined in the above terms, there exists an 'optimum point of
interception', the exact value of which is definable.

Without the aid of precise measuring devises to detect minute differences
in body position, however, it seemed reasonable that an individual might
assume and/or occupy a number of positions in space and still be subjectively
judged as having intercepted the ball in an appropriate manner. In addition,
some inconsistency, due to variation in the projection mechanism of the machine
itself, was known to exist in the various ball flights., This made the concept
of a single point of object interception untenable. Therefore an attempt
was made to define that range of points in space within which an individual
might position himself and still successfully catch an object according to
some set standard. This gave rise to the concept of Optimum Area of Inter-
ception. For purposes of this study, then, the concept of an 'optimum area
of interception' was adopted and defined as that 'spatial area within which
an individual must nosition himself in order to catch a tennis ball in front
of the body, at chest height, with the performer in an upright position and

the arms held close to the body.'

Dimensions of the Optimum Area of Interception. An optimum area of inter-

ception was established for each of the twelve conditions of object pro-

jection. The dimensions of these twelve optimum areas of interception

were determined as follows:

(1) First, a 'good' catch was defined, in conjunction with the defini- :
tion of the 'optimum area of interception', as a ball intercepted

at chest height with the body in an upright position and the arms ;
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close to the body. This particular definition of catching per-
formance was adopted because it appeared to be most similar to the
position in which baseball outfielders catch 'easy' fly balls.,

The average height of subjects in each of the age groups involved
in the study was determined. (See Appendix A, p.138 .) Reference
to the human factors literature (7,73) indicated that average
chest height for these age-height groups was: junior high -

three feet; high school and college - four feet.

The optimum point of interception for balls projected under each of
the twelve conditions of speed, vertical and horizontal angles of
projection was established. These optimum points of interception
were based on estimates of the horizontal distance covered by the
object in its flight when at heights three and four feet above the
floor. These values are shown in Table 3, p. 39. Since the
difEzrences in horizontal distance of object flights at points
three and four feet above the floor were negligible, a single
height, the three foo£ height of interception, was arbitrarily
adopted and used in defining the initial dimensions of the optimum
areas of interception for all age groups.

The range, mean, and standard deviation of each of the eight
distributions of the landing points of 50 object projections were
then used as a guideline in establishing the original dimensions
of the optimum areas of interception. (See Table 4, p. 44.) For
purposes of pilot investigations, the dimensions of the optimum

areas of interception were arbitrarily set at four times the

standard deviation of the distribution of landing points of the
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original 50 object projections. The original dimensions of the
various 'optimum areas of interception' are shown in Table 4,

p. 44,

Experimental Evaluation of the Dimensions of 'Optimum Areas of Interception'.

Using the average horizontal distance covered by the object in its flight as
the center point, 'optimum landing areas' for all twelve object flights,
based upon the dimensions shown in Table 4, p.44, were outlined on the gym-
nasium floor with masking tape. Twenty balls were then projected to each of
these areas to determine whether or not balls projected from the machine
would, in fact, land within the areas outlined. Results shown in Table 5,
P. 49 indicated that a minimum of nineteen of the twenty balls projected
from the machine landed in each of the areas as outlined.

Further experimentation was then undertaken: (a) to determine whether
or not the size of these areas was adequate to accomodate the various foot
positions which subjects might assume in their efforts to reach a 'selected!
point of interception quickly, and (b) to determine if subjects could inter-
cept balls in the manner prescribed when positioned outside boundaries of
the optimum area of interception as originally defined. Two freshman women
enrolled in the General College Physical Education program at the University
of Toledo served as subjects in the investigation of these problems. Both
subjects were approximately 5'4" tall.

Problem I. Using the 'optimum point' of interception as the center
point, four optimum areas of interception, based on all possible combinations
of «peed and vertical angle of projection, were outlined on the gymnasium
floor. Each subject was instructed to stand, in turn, in the center of each

cf the outlined areas of interception and to catch each ball projected from

[
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TABLE 5. ‘NUMBER AND PERCENTAGE OF 60 BALLS LANDING IN
OUTLINED OPTIMUM AREAS OF INTERCEPTION

NUMBER LANDING % LANDING
CONDITION IN OUTLINED AREA IN OUTLINED AREA
Fast-Right-Low 20 100
Fast-Center-Low 20 100
Fast-Left-Low 20 100
FAST-LOW 60 100%
Fast-Right-High 20 100
Fast-Center-High 19 95
Fast-Left~High 20 100
FAST-HIGH 59 98.3%
Slow-Right-Low 20 100
Slow-Center-Low 20 100
Slow-Left-Low 19 95
SLOW-LOW 59 98.3%
Slow-Right-High 19 95
Slow-Center~High 19 95
Slow-Left-High 20 100
SLOW-HIGH 58 96.7%

the machine in front of the body at chest height with the body in an upright
position and the arms held close to the sides. Thirty balls were then pro-
jected to each subject while she stood in each of the four areas. The
'successfulness' of each individual catching performance was subjectively
judged by the Experimenter. At no time were subjects permitted to step
outside the masking tape boundaries to catch a ball.

Results indicated that when subjects were positioned within a given
'optimum area of interception' and allowed to move freely within that area,
over 95% of the balls projected to that area were caught in the manner pre-

scribed. The foot position assumed by the subject appeared to have little
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effect wpon the general catching performance. (For specific percentages of

balls successfully caught in each area, see Table 6 below.)

TABLE 6. PILOT INVESTIGATION I: NUMBER AND PERCENTAGE OF 60
BALLS CAUGHT WITHIN OPTIMUM AREA OF INTERCEPTION

TOTAL NO.
COMDITION CAUGHT % CAUGHT
FAST-LOW 59 98.3%
FAST-HIGH 57 95.0%
SLOW-LOW 58 96.7%
SLOW-HIGH 57 95.0%

Poar T TRy on

50

Problem II. An additional pilot investigation was undertaken to determine

- whether or not balls could be 'successfully' caught outside the optimum area

of interception. To investigate this problem, additional lines were placed at
one and two foot intervals beyond the edges of the original boundary lines of
the optimum areas of interception. See Figure 6, p. 51. Each subject was
positioned, in turn, at a point within these boundary lines. Ten balls were
projected to each subject while she stood in each of four different positionms:
in front, in back, to the right, and to the left of the four main optimum
areas of interception. This procedure was carried out separately for the one
and two foot boundary line areas.

Sub jects were instructed to catch the balls as they had in the previous
investigation. The 'goodness' of each catching performance was judged by
the Experimenter, and subjects again were not permitted to step outside the

boundary lines in any direction in order to catch a ball.
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PILOT INVESTIGATION II:
OPTIMUM AREAS OF INTERCEPTION

Front
2!

Left

1l

Optimum
Area of

Interception

Fight

Back

51

BOUNDARY LINES ADDED TO

Boundary Within
Which Sub ject
Stood

The results of each of these series of object projections are shown in

Table 7, below.

Observation of the 'successful' catching perf~vmance for

all areas indicated that only eight of 320 balls projected were caught 'success-

fully' within one foot of the original boundary of the 'optimum areas of

TABLE 7. PILOT INVESTIGATION II:

NUMBER OF BALLS 'SUCCESSFULLY' CAUGHT
WITHIN THE ONE AND TWO FOOT BOUNDARY AREAS

ONE FOOT BOUNDARY

TWO FOOT BOUNDARY

CONDITION Number Projected Number

Caught Number Projected Number Caught

Fast-High 80 2 80 1
Fast-Low 80 1 80 0
Slow-High 80 3 80 2
Slow-Low 80 2 80 0
TOTAL 320 8% 320 3k

*2.5% or approximately 2 out of 96

*%0,0097%
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interception', That is, only 2.5% of the balls projected were successfully
intercepted by subjects standing somewhere within a one foot distance of the
'optimum area of interception' as originally defined. When positioned two

feet away, only three successful catches were made. This is less than .0l1%

of the total number of balls projected.

Based on these observations, then, the dimensions of the 'optimum areas
of interception' as originally defined were adopted for use in this study.

These areas are shown schematically in Figure 7, p. 53.

Measures of the Spatial Judgment. Measures of the spatial judgment

consisted of the deviation, in inches, of the subject's final position in
space from the appropriate area of interception and included distance or depth
error, lateral deviation or right-left error, and absolute error or radial

deviation.

1. Radial Error. Radial errors, represented by the Line BC in Figure 8,

p.. 54, consisted of the absolute deviation (in inches) of the subject's
'selected’ position on the floor from the nearest edge of the 'optimum area
of interception'. This provided an estimate of the overall precision of the
individual's spatial judgment.

2. Distance Error. Distance errors, shown in the diagram (Figure 8, p. 54)

by the line CD, consisted of the front-back deviations (in inches) of the
subject's final position on the floor from the nearest edge of the square
defining the 'optimum area of interception'. This measure provided an
estimate of the distance or depth error made by the subject in judging the

flight of the moving object.

3. Lateral Error. Lateral errors, represented in the diagram (Figure 8,

p. 54) as the Line BD, were the right-left deviations (in inches) of the
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SCHEMATIC REPRESENTATION OF THE SIZE AND LOCATION
OF THE TWELVE 'OPTIMUM AREAS OF INTERCEPTION'
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FIGURE 8. DIAGRAMMATIC REPRESENTATION OF THE MEASURES
OF THE SPATIAL JUDGMENT

ég
C
Absolute
Error Front-Back
Error
Lateral
Al ' Error
A = Point of Object Projection Line BC = Radial or Absolute Error
A = Subject's Starting Position Line BD = Lateral or Right-Left Error
B = Optimum area of Interception Line CD = Front-Back or Depth Error
£ = Subject's 'Selected' Points

of Interception

subject's final position in space from the nearest edge of the square defining
the 'optimum area of interception'. This measure provided an estimate of the
accuracy of the visual judgments of the subject in terms of right-left error.

Determination of the Subject's Selected Point of Interception. The sub-

ject was instructed to remain in the position which he had selected as the
optimum point of interception until it had been appropriately marked by the
Experimenter. Thé position assumed by the subject was indicated by placing
a piece of masking tape, on the floor, at the center point of a straight line
extending between the two insteps of the subject's feet. See Figure 9, p. 55.
The insteps of the feet served as the points of origin of this straight line,
and a small plastic ruler was used to estimate its center point. This parti-
cular technique for indicating the subject's 'selected' point of interception
was adopted because it seemed to provide the best possible estimate of the

center point of the subject's total body positionm.
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FIGURE 9. METHOD USED TO ASSESS SPATIAL POSITION ASSUMED BY SUBJECTS
WHEN JUDGING MOVING OBJECTS

1 2 3/4" 1 ® 9
c 3

A,B,C = Various Foot Positions Assumed by Subjects

Final Foot Position of Subject 3 = Center of Line and Point At Which

Straight Line Between the Two Masking Tape Was Placed on Floor

Feet D = Masking Tape, Marked With Subject
and Trial Numbers

N -
i u

Initial Assessment of the Accuracy of the Spatial Judgments. Subject and

trial numbers were marked in indelible ink on the masking tape, A large
black dot, placed in the center of each individual piece of masking tape,
was used as a reference point for all measurements taken on a given spatial
judgment. (See Figure 9-D, above.) Once the subject had completed his total
series of trials, the distance from this black dot to the center of two lines,
one running the length, the other the width of the gymnasium was measured,
Distances were measured to the nearest inch. (See Figure 10, p. 56)

Raw scores thus obtained were later converted to deviation scores by
a procedure shown schematically in Figure 11, p. 57. 1Initially, the distance,

in inches, of each optimum area of interception from the two reference lines
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FIGURE 10.

METHOD USED TO MEASURE SPATIAL JUDGMENTS OF SUBJECTS
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FIGURE 11, METHOD USED TO MEASURE SPATIAL JUDGMENTS OF SUBJECTS (CONT'D)

= Vertical reference line

Subject's stopping point

= Optimum Area of
Interception

E'= Distance, in inches, of

QO m >
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previously described was determined. Next, the raw score values previously
obtained were subtracted from the appropriate values determined above. This
provided a set of distance and lateral deviation scores. The Pythagorean

Theorum (A2 = B2 + C2), where B% = distance deviationZ?, C2 = the lateral dev-

iation? and A2 = radial error? was employed to derive a set of absolute or

radial error scores.

Reliability of the Performance Measures. A preliminary investigation was

undertaken to assess the reliability of each of the performance measures to
be used in the study. These measures included reaction time, movement time,
lateral deviation, and distance_heviation. Twenty college freshmen men
served as subjects for this investigation. Each subject was given three
trials per condition, 36 trials in all. An analysis of variance was employed

to estimate the reliability of each of the measures for each of the twelve

treatment conditions. The Spearman-Brown prophecy formula, r' = 2r ,
l+r

was used to predict the number of trials necessary to reach a minimum re-

liability of .80. The reliability coefficients and the projected number of
trials required to reach the standard reliability criterion of .80 are shown
in Table 8, p.59.

With the exception of the lateral deviation measures (in particular

those at the slow speed of object projection), the projected reliabilities of

58

the majority of the performance measures reached and/or surpassed the criterion

standard of .80 in six, seven, or eight trials. Reliabilities were then pre-
dicted for the various performance measures with the number of trials set at

eight, These are shown in Table 9, p. 60.
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TABLE 8. RELIABILITY ESTIMATES AND NUMBER OF TRIALS REQUIRED
TO OBTAIN A PROJECTED RELIABILITY OF .80
TREATMENT REACTION MOVEMENT DISTANCE LATERAL
CONDITION TIME TIME DEVIATION DEVIATION
Hor Vert Trials Trials Trials Trials
Speed-Dir-Dir r(3T) to .80 r(3T) to .80 r(3T) to .80 r(3T) to .80
Fast-Right-High .698 6 .712 6 .788 5 413 8
Fast-Center-High  .465 8 .655 6 .507 8 .504 8 |
Fast-Left~High .298 11 .696 6 .634 6 273 11
Fast-Right-Low .762 6 .459 8 .683 6 421 8
Fast-Center-Low 444 8 .383 9 .763 6 .093 28
Fast-Left-Low .691 6 .339 9 .679 6 449 8
Slow-Right-High .505 8 .654 6 .522 7 .329 10
Slow-Center-High .214 14 .054 47 .516 7 .18 15
;10w~Left-High .365 9 .563 7 .607 7 .150 18
Slow-Right-Low .653 6 .535 7 .782 5 266 11
Slow-Center-Low .616 6 .095 28 .519 7 246 12
Slow-Left-Low .621 6 .517 7 .887 3 207 14
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TABLE 9. PROJECTED RELIABILITIES WITH A MAXIMUM OF
EIGHT TRIALS PER CONDITION
REACTION MOVEMENT DISTANCE LATERAL
CONDITION TIME TIME DEVIATION DEVIATION
F-R-H 1.000 1.000 1.000 .780
F~C-H .847 1.000 .898 .895
F~L-H .613 1.000 1.000 .573
F-R-L 1.000 .840 1.000 .791
F-C-L .821 .739 1.000 .227
F-L-L 1.000 .676 1.000 .827
S-R-H .896 1.000 .916 .661
S-C-H 471 .138 .209 419
S-L-H 714 .962 1.000 .348
S-R-L 1.000 .931 1.000 .561
S-C-L 1.000 .227 912 .527
S-L-L 1.000 .909 1.000 .458

With the number of trials set at eight, all of the reliabilities for the

distance deviation measures were well above the criterion standard of .80.

Only one reaction time and two of the movement time measures were completely

unacceptable. In the case of the lateral deviation measures, however, more

than half did not meet the specified standard set.

In terms of practical

limitations on the subject's time, interest, and efficiency, it was not

feasible to increase the number of trials beyond eight or nine per conditiom.

Since the majority of the performance measures reached or exceeded the criterion

standard of .80 with eight trials, the number of trials per condition was set
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at eight each. Although the lateral deviation measure was, theoretically, not
reliable with this number of trials, it was included in the investigation in order
that is might be studied in more detail. Reliability coefficients of subject per-

formances in the experiment proper are reported in the Results Section, p. 70

SELECTION OF SUBJECTS. A total of fifty-four (54) subjects participated in the

study. Eighteen (18) subjects each were randomly selected from a carefully de-
fined population of male students enrolled in junior high school, senior high
school and college. The average age of each of these groups was: junior high -
12 years; senior high - 16 years; and college - 20 years, Of the eighteen sub-
jects selected from each age group, nine were classified as skilled and nine as
unskilled.

General Procedures.

A. Junior and Senior High School Population. Initial contact was made with

the Junior and Senior high school students during their regularly scheduled
physical education class period. At this time, a total of 175 senior high and
150 junior high male students filled out an 'Experience Questionnaire', indicating
in detail the amount of baseball experience each had had prior to that time.

(For a detailed description of this questionnaire, see Appendix, p.137.) On

the basis of the responses to this questionnaire form, students were divided

into two groups: (a) varsity or experienced baseball players and (b) individuals
with little or no baseball experience. Forty (40) subjects were then randomly
selected from each of the two major skill classifications. A total of 80 sub-
jects from each of the junior high and high school age populations were thus
selected and subsequently given the following tests: (a) the overarm throw for
velocity, (b) the Snellen Test for visual acuity and (c) the Depth Perception

Apparatus test. (For a description of this test, see Appendix A, p.133.)
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B. College Population. The skilled segment of the college age population

was secured through the varsity baseball coach at the University of Toledo. The
coach was contacted in the fall, the nature and purpose of the experiment ex~
plained to him, and his consent to have members of the varsity baseball team
participate in the experiment obtained. The Overarm Throw for Velocity, visual
acuity and depth perception measures were taken on all members of the varsity
baseball team during subsequent weekend baseball practices. The final sample of
college-age-skilled subjects were randomly drawn from the varsity baseball
population.

For the unskilled segment, 150 students enrolled in six (6) different
sections of the General College Physical Education Program at the University of
Toledo were contacted and given the 'Experience Questionnaire'. On the basis
of the responses to this questiornnaire, the sixty (60) subjects with the least

amount of baseball experience were selected and later given the Overarm Throw

for Velocity, visual acuity and depth perception tests, (See Appendix, p.133-135)

Criteria for Skill Classifications. Assignment to a particular skill classifi-

cation was based upon a double criterion.

A. Primary Criterion. The primary criterion used for classifying sub-

jects as skilled or unskilled was an 'experience' factor which was defined as
follows:

1., Skilled Classification.

a. High School and College Age Groups. Subjects assigned to this skill

classification were those individuals who were presently involved in inter-
scholastic or intercollegiate baseball competition and who had been a member
of the varsity baseball squad at their respective institutions for at least

one year prior to the school year, 1966-1967. Pitchers and catchers were

L
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automatically eliminated from the active subject population since these positions

do not ordinarily involve the judging of fly balls,

b, Junior High Age Group. Only those junior high boys who had had a mini-
mum of three years of experience in organized Little League and/or Babe Ruth
League baseball competition were classified as skilled individuals.

2. Unskilled Classification.

a. High School and College Age Groups. Subjects assigned to this 'unskilled'

group were individuals who were not presently involved in interscholastic or
intercollegiate baseball competition and who were not presently or ever had been
a member of a varsity baseball squad.

b. Junior High Age Group. Individuals in this category were those junior

high school males who were not presently involved in and who had never had ex-
perience in organized Little League and/or Babe Ruth League baseball competition.

B. Secondary Criterion. The secondary criterion for classifying in-

dividuals as skilled or unskilled was a performance measure, the Overarm Throw
for Velocity. The overarm throw for velocity is of course not a perfect in-
dicator of skill in the game of baseball. Most baseball experts will agree,
however, that the abiiity to throw an accurate and well-timed ball from (or to)
various locations on the playing field is an important part of the overall game
of baseball, Thus individuals who cannot or do not throw well are not likely to
become or remain members of organized or competitive baseball groups. (This
measure was employed primarily to provide some quantitative basis for identifying
the two levels of skiil and to aid in more clearly identifiying those individuals
in the 'unskilled' category.)

1, Skilled Classification. The skill classification for each age group consist-

ed of those individuals whose scores were included in the top 25% of a distribu-

tion of scores based upon performances on the Overarm Throw for Velocity test.
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2, Unskilled Classification. The unskilled classification for all age groups

consisted of those individuals whose scores on the Overarm Throw for Velocity
test fell in the bottom 25% of a distribution based upon performances on that
test.

Criterion for Visual Acuity and Depth Perception Performance. Only those in-

dividuals having a minimum visual acuity of 20/25 in each eye were considered in
the final selection of subjects. Since no standard norms were available by which
performances on the Depth Perception Apparatus test could be judged, a Two-Way
Analysis of Variance was used to determine if significant differences existed be-
tween subject groups selected for participation in the experiment in terms of
depth perception.

Final Selection of Subjects., Distributions, based on the mean performance scores

on the Overarm Throw for Velocity test, were made for each of the sub ject popula-
tions. Individuals whose scores fell in the upper and lower 25% of these distri-
butions were identified and evaluated in terms of amount of baseball experience
and visual acuity rating. Using the maximum requirements for baseball experience
and performance on the Overarm Throw for Velocity and visual acuity tests pre-
viously outlined, a tentative selection of subjects was made. A Two-Way Analysis
of Variance was then run on the scores on the Depth Perception Apparatus test to
determine if any significant differences existed between the various age and/or
skill groups selected. Results of this analysis, shown in Table 10, p. 65, in-
dicated that there were no significant differences between the various groups in
terms of depth peréeption performances.

Eighteen subjects from each of the junior high, senior high, and college age
groups were contacted and asked to participate in the experiment. They were

scheduled for a specific day and hour for testing.
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TABLE 10. ANALYSIS OF VARIANCE: DEPTH PERCEPTION PER-
FORMANCE BY AGE AND SKILL

SOURCE OF VARIATION _ SUM OF SQUARES df  MEAN SQUARE _F

Skill .010 1 010 <1
Age .043 2 022 <1
Skill X Age .167 2 084 <1
Within 66.840 48 1.390

Total 67.060 53

COLLECTION OF THE DATA, Data were collected over a three-month period,

beginning in February, 1967, and ending in April, 1967. All testing sessions
were conducted in the University of Toledo Fieldhouse, Toledo, Ohio. All
subjects were exposed to all twelve combinations of the speed, horizontal

and vertical angles of object projection selected previously. Each subject
received eight trials per condition or a total of 96 trials in all. Each
series of trials was presented in a predetermined random order. (See Appendix
B, p.140-154.)

Testors for the project were graduate and undergraduate majors in physical
education at the University of Toledo; two undergraduate engineering majors
also enrolled at the University of Toledo, and two faculty members of the
Department of Physical Education at Bowling Green State University, Bowling
Green, Ohio.

Two days prior to the initial data collection session, a special two-
hour training session was held in the University Fieldhouse. During this
training period, testors were assigned to and trained in their respective
tasks. At the completion of the instructional period, two trial runs of the

experiment were carried out in order to assure that each testor clearly
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understood his responsibilities and to clarify any questions which might have

arisen about the experimental set-up in general.

Analysis of the Data. The design of the present study may be described as

a five-dimensional factorial design with repeated measures on three dimensionms.
Since several performance indices were involved in the evaluation of the
visuo-perceptual performance under investigation, multivariate statistical
techniques were directly applicable to the present problem (58,84,86). Of

the several multivariate statistical techniques which have been developed
recently, Multivariate Analysis of Variance (MANOVA) procedures were selected
as most appropriate for the data analysis.,

The MANOVA technique has the distinguishing characteristic of combining
the outstanding features of both univariate analysis of variance and multiple
discriminant analysis techniques into a single analysis (58). More specifically
the MANOVA employs the feature of the univariate ANOVA which permits the
assessment of the effects of various experimental conditions upon a given be-
havior or performance and the feature of the multiple discriminant analysis
which permits multiple performance measures to be handled in a single analysis.

Unfortunately, at present, most MANOVA programs are relatively undeveloped
and thus are, for the most part, limited in terms of use in analyzing any
except the simplest multivariate designs. In the case of the present study,
the design was too large to be handled appropriately by available MANOVA
techniques. Therefore, as an alternative approach, a series of five univariate
analyses, using a single performance index per analysis, was employed. These
analyses permitted an assessment of the effects, based upon a single behavioral
index, of the five main variables of skill, age, speed, vertical and horizontal

direction of object flight upon visuo-perceptual performances. Where appro-
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priate, Scheffe's Multiple Comparisons Test was used to compare differences

between group means (111).
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CHAPTER V

RESULTS

The results of the study are divided into the following sections: (a)
Selection of the Level of Significance; (b) Reliability of the Performance
Measures; (c) Speed of the Perceptual Response (reaction time); (d) Spatial
Accuracy of the Perceptual Response, including distance, ‘lateral and radial
deviation analyses; (e) Movement Time; and (f) Summary of the results. Where
appropriate, the discussion of results is divided into two main categories:
that based upon group characteristics (age and skill) and that based upon
stimulus characteristics of the flight of the moving object (speed, horizontal

and vertical direction).

SELECVTON OF THE LEVEL OF SIGNIFICANCE

Separate univariate analyses of variance were run on each of the reaction
time, movement time, and spatial accuracy measures (a total of ﬂﬁ&e analyses).
Where appropriate, Scheffe's Multiple Comparisons Test was used to evaluate
differences between means. The univariate analyses run and the error terms

used were based upon a multi-factor, repeated measurements design suggested
S

=

by Winer (111). The level of significance for evaluating the F-tests and
comparisons among means was set at Alpha .0l.

No absolute standards are available to guide an experimenter in selecting
a particular level of significance for evaluating the evidence from a given
investigation. However, in any multi-factor experiment where several F-tests
are obtained, there is always the very serious problem that as the number of
F-tests obtained increases, the probability of obtaining one or more spuriously

significant results increases as well. In addition, when multiple F-tests are
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run on data which are not independent, the number of spuriously significant F-

tests to be expected by chance is indeed difficult if not impossible to establish

(111). The present analyses involved the obtaining of a large number of F-
ratios (31 per analysis, 155 in all) on data which were not independent. There-
fore, in an effort to minimize the problem of increasing numbers of spuriously

significant F-ratios, the one percent level of significance (Alpha .01) was

decided upon. It is obvious of course that regardless of the level of signifi-

cance set, the "evidence provided by a single experiment with respect to the

truth or falsity of a statistical hypothesis is seldom complete enough to arrive

at a decision which is free of all possible error" (111, p.13).

RELIABILITY OF THE PERFORMANCE MEASURES

Two-Way Analyses of Variance were used to determine the reliability of
each of the performance measures. Since differences in skill were, in all cases
except one (Movement Time), significant, separate reliabilities were calculated
for each of the two skill groups involved in the experiment. These reliability
coefficients, grouped according to experimental condition and skill level, are
shown in Table 11, p. 70,

With the exception of the Lateral Deviation measure, reliability coeffi-
cients for each of the other performance measures (by experimental condition)
met or closely approached the criterion standard of .80 originally set. The
somewhat lower reliabilities found across all experimental conditions for the
Lateral Deviation measure of course raises the question of the meaningfulness

of any conclusions based upon the analysis of this performance measure.

SPEED OF THE PERCEPTUAL JUDGMENT. (Reaction Time)

Results of the analysis of the reaction time are shown in Table 12, p. 71.
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TABLE 11, RELIABILITY OF PERFORMANCE MEASURES

STowery b mar
ST R R

& REACTION
: TIME MOVEMENT
% CONDITION Skilled Unskilled TIME
; Slow-Right~-Low .906 .900 .773
Slow-Right-High .895 .829 .862
: Slow-Center-Low .788 .783 ,845
: Slow~Center-High o172 .759 .870
: Slow-Left-Low .801 .767 .853
% Slow-Left-High .860 .803 .858
g Fast-Right-Low .905 .916 .836
f Fast-Right-High .828 .891 .886
Fast-Center-Low .833 .782 .867
Fast-Center-High .855 774 .833
Fast-Left-Low .677 .604 .793
Fast-Left-High .741 .692 .864
LATERAL DISTANCE RADIAL
DEVIATION DEVIATION DEVIATION
CONDITION Skilled Unskilled Skilled Unskilled Skilled Unskilled
Slow-Right-Low .496 .373 .677 .863 .654 .850
Slow-Right-High .622 .684 .828 .843 .822 .832
Slow-Center-Low .377 .000 .533 .795 .743 .453
Slow-Center-High .042 .357 .784 .808 .808 777
Slow-Left-Low .599 .696 .725 .898 .698 - 902
Slow-Left-High .595 .598 .818 .761 .813 .756
Fast-Right-Low 748 .807 .814 .856 .829 .865
Fast-Right-High .647 .642 .700 .865 .681 .868
Fast-Center-Low .309 .280 .861 .831 .825 .828
Fast-Center-High .708 .486 .820 . 787 .810 .776
Fast-Left-low 722 .698 .893 .904 .885 .907
Fast-Left-High .630 .330 .723 .865 744 .860

Group Characteristics. As can be seen in Table 12, the main effect of skill

was significant. Figure 12, p. 73 indicates that skilled individuals responded
significantly more rapidly (.361 seconds) to the moving object in space than
did unskilled individuals (.511 seconds). This suggests that the skilled
individual made his visuo-perceptual judgment about the flight of the moving

object significantly more quickly than did the unskilled person.

FLRET T TRV PUEA. VN U

SR R NIRRT 0



T .

71

TABLE 12. SUMMARY TABLE: ANALYSIS OF VARIANCE - REACTION TIME
Source Sum Critical
of of Mean F-Value
Variation Squares df Square F-Test (.01)
Group Characteristics
(Between Sub jects)
Age 3.7450 2 1.8725 2.14 5.08
Skill (Sk) 29,3237 1 29.3237 33.54% 7.19
Age X Sk ___ . 2779 2 .1389 16 5.08
Sub jects Within Groups 41,9728 48 .8744
Flight Characteristics
(Within Subjects)
Speed (Sp) 5.6585 1 5.6585 66.96% 7.19
Age X Sp .0333 2 .0167 .197 5.08
Sk X Sp .1170 1 .1170 1.38 7.19
Age X Sk X Sp ____________ __ 1495 2 0747 .88 5.08
Sp X Subjects
Within Groups 4,0569 48 . 0845
Horizontal Direction 14,2820 2 7.1410 31.98% 4,82
Age X HD .8611 4 .2154 .96 3.51
Sk X HD 1.1316 2 .5685 2.545 4.82
Age X Sk XHD .8830 4 2207 .988 3.51
HD X Subjects
Within Groups 21.4347 96 .2233
Vertical Direction .1275 1 1275 3.11 7.19
Age X VD 0442 2 .0221 .54 5.08
Sk X VD .0503 1 .0503 1.23 7.19
Age X Sk X VD _____________ . 0798 2 0399 _______ 97 5.08 ___
VD X Subjects
Within Groups 1.9659 48 .0410
Sp X HD .1429 2 .0715 1.20 4,82
Age X Sp X HD .1921 4 .0480 .81 3.51
Sk X Sp X HD 4690 2 .2345 3.95 4,82
Age X Sk X Sp XHD 3520 4 .0880 1 1.48 3.5
Sp X HD X Subjects
Within Groups 5.7003 96 .0594
Sp X VD .2419 1 <2419 6.20 7.19
Age X Sp X VD .0219 2 .0110 .28 5.08
Sk X Sp X VD .0010 1 .0010 .03 7.19
Age X Sk X SpXVD___ 0801 ¢ 2 0401 ] 1.03 5.08
Sp X VD X Subjects
Within Groups 1.8710 48 .0390
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§ TABLE 12, SUMMARY TABLE: ANALYSIS OF VARIANCE - REACTION TIME (CONT'D)
é Source Sum Critical
: of of Mean F-Value
% Variation Squares df Square F-Test (.01)
HD X VD .3770 2 .1885 3.81 4.82
' Age X HD X VD .1944 4 .0486 .98 3.51
Sk X HD X VD .0252 2 .0126 .25 4,82
Sk X AGE X HD X VD__________ 0725 . o S 0181 36 3.21____
HD X VD X Subjects
Within Groups 4.7852 96 .0498
Sp X HD X VD 1794 2 .0897 2,398 4,82
Age X Sp X HD X VD .1335 4 .0334 .89 3.51
Sk X Sp X HD X VD .0228 2 0114 .30 4,82
Age X Sk X Sp X HD X VD_____ 0294 ____ S 0074 . 128 3.21 .
Sp X HD X VD X Subjects
Within Groups 3.5867 96 .0374

*Significant at .01 level.

The main effect of age was not significant. Thus, although perceptual
responses did tend to be faster in the older age groups, physical maturity
(as represented by age) did not, in general, significantly affect the speed

with which the individual judged the flight of the moving object in space.

Stimulus Characteristics of the Moving Object. Stimulus characteristics of

the moving object included spa=2d, horizontal direction and vertical direction

of object flight. As indicated in Table 12, the Speed of object'projéction

significantly affected the rapidity with which the perceptual judgment was

made. Objects traveling at a faster rate of speed (49 feet/second) were

responded to significantly more quickly (.403 seconds) than were objects

moving at a slower rate of speed (.469 seconds). See Figure 12, p. 73.
The main effect of Horizontal Direction was also significant. Figure

12 indicates that, in general, individuals reacted significantly more quickly
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FIGURE 12, SPEED OF VISUO-PERCEPTUAL RESPONSES ACCORDING TO

GROUP AND STIMULUS CHARACTERISTICS (REACTION TIME)
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to objects moving to the right (horizontal angle - 5°) than to objects moving
either to the left (5°) or directly at them (horizontal angle - 0°). See
Table 13 for results of Scheffe's Multiple Comparison's Test.

The Vertical Direction of object flight had no significant effect upon
the speed Pf the perceptual response to the moving object in space.

TABLE 13, SPEED OF THE PERCEPTUAL JUDGMENT:
COMPARISON OF MEANS (REACTION TIME)*

HORIZONTAL DIRECTION

RIGHT CENTER LEFT

.368 <445 496

*Since all possible mean comparisons were not made, lines
connect only those means which were compared. Solid
lines indicate significance; broken lines indicate no
significance,

ACCURACY OF THE VISUO-PERCEPTUAL JUDGMENT

Distance Deviation. The results of the analysis of distance deviations

or depth errors made by the subject in judging the flight of the moving

object are shown in Table 14, p. 75.

Group Characteristics. As can be seen in Table 14, the main effect of skill

was significant., Figure 13, p. 77 shows clearly that skilled individuals
were more than twice as accurate as unskilled individuals in judging the

flight of the moving object in space.

The main effect of age was not significant. (See Table 14) Again the

age of the individual apparently had no effect upon the accuracy of his
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TABLE 14 , SUMMARY TABLE: ANALYSIS OF VARIANCE - DISTANCE DEVIATION
Source Sum Critical
of of Mean F-Value
Variation Squares df Square F-Test (.01)
Group Characteristics
(Between Sub jects)
Age 74,571.43 2 37,285.71 1.91 5.08
Skili (Sk) 1,026,309.70 1 1,026,309.70 52.52% 7.19
Age X Sk 96,326.15 2 48,163.08 2.46 5.08
Subjects Within Groups 938,014,724 "48 "~ ""19.541.97 T TTTTTTTTTTTo
Flight Characteristics
(Within Subjects)
Speed (Sp) 141 1 141 - 7.19
Age X Sp 34,294.04 2 17,147.02 A4l 5.08
Sk X Sp 9,787.26 1 9,787.26 .23 7.19
Age X Sk X Sp 21,269:94____2 ____ _10,634.97 _____ .25 _____ 5.08
Sp X Subjeets o TTTTTTTTTTETTTS
Within Groups 2,006,798.70 48 41,808.31
Horizontal Direction 20,545,.38 2 10,272.69 7.11% 4,82
Age X HD 3,225.62 4 806.40 .56 3.51
Sk X HD 10,243.46 2 5,121.73 3.55 4.82
Age X Sk X HD _2:995.45 4 748,86 .52 3.5l ___
HD X Subjects
Within Groups 138,624.72 96 1,444.01
Vertical Direction 43,803.00 1 43,803.00 7.63% 7.19
Age X VD 3,847.14 2 1,923.57 .34 5.08
Sk X VD 5,046,92 1 5,046.92 .88 7.19
Age X Sk X VD ___ . 4,819.73_ 2 ______2,409.86 _____ .42 ______5.08_____
VD X Subjects
Within Groups 275,505.16 48 5,739.69
Sp X HD 26,808.80 2 13,404.40 7.48% 4,82
Age X Sp X HD 10,549.46 4 2,637.36 1.47 3.51
Sk X Sp X HD 370.80 2 185.40 .10 4,82
Age ¥ Sk X sp X HD ______ 3,483.43 __ 4 _______ 870,86 _____ .49 _____ 3.5l ___
Sp ¥ HD X Subjects
Within Groups 171,923.59 96 1,790.87
Sp X VD 437,196.46 1 437,196.46 126.52* 7.19
Age X Sp X VD 36,009.31 2 18,004.66 5.21% 5.08
Sk X Sp X VD 94,616.05 1 94,616.05 27 .38 7.19
Age X Sk X Sp X VD 12,942.00 2 6,471.00 1.87 5.08
Sp X VD R SGbBJecEsS T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
Within Groups 165,855.13 48 3,455.32
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TABLE 14, SUMMARY TABLE: ANALYSIS OF VARIANCE - DISTANCE DEVIATION (CONT'D)

Source Sum Critical
of of Mean F-Value
Variation Squares df Square F-Test (.01)
HD X VD 38,955.47 2 19,477.74 15.02% 4.82
Age X HD X VD 2,419.30 4 604,82 47 3.51
Sk X HD X VD 1,777.74 2 888.87 .685 4 .82
Sk X Age X HD X VD _______ 1,447.43 o S 61.86_______ 273 . 3.91___
HD X VD Subjects
Within Groups 124,481.26 96 1,296.68
Sp X HD X VD 4,577.75 2 2,288.88 2,17 4,82
Age X Sp X HD X VD 184.25 4 46,06 .04 3.51
Sk X Sp X HD X VD 2,866.23 2 1,433.11 1.36 4,82
Age X Sk X Sp X HD X VD_ 8,970.09 ____ o SN 2,242.52______ 2.13 . 3.9 __
Sp X HD X VD X Subjects
Within Groups 101,149,.76 96 1,053.64

*Significant at the .0l level,
visuo~perceptual response. A significant interaction between Age X Speed X
Vertical Direction of object flight indicated, however, that the age of the
individual may have become important when particular combinations of speed
and vertical direction of object flight were being judged. The nature of
this interaction is shown in Figure 14, p. 78. A comparison of group means
(Table 15, p. 79) indicated that there was a significant difference between
high school and college age males in accurateiy judging the flight of an
object projected at a slow speed and a low vertical angle (34°). It should
be pointed out that the exact nature of this interaction was not clear and
thus no strict interpretation or evaluation of such effects can be made on
the basis of the present data.

Stimulus Characteristics of the Moving Object. Table 14 indicates that both

Horizontal and Vertical Direction of object flight significantly affected the
accuracy of the perceptual judgment made by the performer. In terms of
horizontal direction, objects moving directly toward the individual (horizon-

tal angle ~ 0°; 33.78") were judged significantly more accurately than were
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FIGURE 13. ACCURACY OF THE VISUO-PERCEPTUAL JUDGMENTS ACCORDING TO GROUP
AND STIMULUS CHARACTERISTICS: DISTANCE DEVIATION
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* Significant at .01
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those moving to either the right (38.13") or the left (37.88") of the individual.

(Figure 13, Table 16, p. 82) With respect to vertical direction of object flight,

objects projected at a sharper vertical angle (44°) were judged more accurately

(33.69") than those projected at a flatter vertical angle (34°; 39.5"). A

significant interaction between Horizontal X Vertical Direction of object flight

indicated that specific combinations of these two stimulus characteristics affected

the individual’s judgment of the flight of the moving object in different ways.

Figure 15, p. 79, indicates that an object projected at a vertical angle of 34°

was judged equally precisely regardless of the horizontal direction in which it
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FIGURE 14, INTERACTION EFFECT: AGE X SPEED X VERTICAL DIRECTION
(DISTANCE DEVIATION IN INCHES)
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was moving. Objects projected at a vertical angle of 44°, however, were affected

by the horizontal direction of object flight and were judged most accurately

when the object was moving directly toward the individual. See Figure 15, p.79.

The main effect of speed was not significant, that is, perceptual judg-

ments of objects moving at a fast rate of speed were as accurate as those
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TABLE 15 SPATIAL ACCUARACY OF THE VISUO-PERCEPTUAL JUDGMENT:
COMPARISON OF MEANS (DISTANCE DEVIATION)*

AGE X SPEED X VERTICAL DIRECTION

JR-SLO0-440 HI SCH~SLO-449 COLL-SL0-44°
19.07" 30.88" 23,58"
JR-SLO-340 HI SCH-SLO-340 COLL-SLO-349
46,68" 59,53" 39.87"
JR-FAST-440 HI SCH-FAST-~44° COLL-FAST-44°
47.78" 44, 84" 36.48"
JR-FAST-340 HI SCH-FAST-34° COLL~FAST-34°
28.38" 32.04" 30.52"

*Since all possible mean comparisons were not made, lines
connect only those means which were compared. Solid lines
indicate significance; broken lines indicate no signifi-

cance.
FIGURE 15. INTERACTION EFFECT: HORIZONTAL X VERTICAL DIRECTION
(DISTANCE DEVIATION IN INCHES)
45
so | 4L.3_ _ __ 40.05
=~o 0 38.32
— ~—
43
35.2
Distance
Deviation ] '\g/
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perceptual judgments of objects moving at a slow rate of speed. See Table 14,
P. 75. The significant interaction between Speed X Vertical Direction (Figure
16, p. 81 ) and Speed X Horizontal Direction (Figure 17., p. 81 ) of object flight
indicated that speed, when combined with a given vertical or horizontal direc-
tion of object flight, did in fact affect the accuracy of the visuo-perceptual
judgment., For example, speed was not important when objects were projected at
a horizontal angle of 59-right or at a horizontal angle of 0°. (See Table 16,
p. 82.) Conversely, visuo-perceptual judgments of objects moving horizontally
to the left were significantly more accurate when the object was moving at a
slow speed than when it was traveling at a fast speed.

In addition, the interaction between Speed X Vertical Direction, shown in
Figure 16, indicated that objects projected at a greater vertical angle (449)
were judged more accurately when they were traveling at a slow speed, while
those projected at a flatter vertical angle (34°) were judged more accurately
when they were traveling at a fast speed. The significant interaction between
Skill X Speed X Vertical Direction further suggested that the nature of the
effect of speed and vertical direction upon the visuo-perceptual response was
also dependent upon the skill level of the individual. See Figure 18, p.83.
Wﬁen objects were moving at a slow speed, the effect of vertical direction of
object flight was the same for both groups. (The skilled were, of course, al-
ways more accurate than the unskilled.) When the object was moving at a fast
speed, the effect of the vertical direction of object flight depended upon the
level of skill of the individual making the response. For the skilled person,
the vertical direction of object flight had little or no effect upon the accur-
acy of the visuo-perceptual judgment. For the unskilled person, however, objects
projected at a vertical angle of 34° were judged significantly more accurately

than were those projected at a vertical angle of 44°, (See Table16.)
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FIGURE 16. INTERACTION EFFECT: SPEED X VERTICAL DIRECTION
(DISTANCE DEVIATION IN INCHES)
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FIGURE 17, INTERACT7TOUN EFFECT: SPEED X HORIZONTAL DIRECTION
(DISTANCE DEVIATION IN INCHES)

50 .
39.95 41,08
40 - /t
Distance //
Deviation D 35.18 ,
(in inches) 36.30 \\\ //’ 3. 68
30 1 32.39
___ Slow
--- Fast
20 L [N

Right Center lLeft

81



23 SR o e el Y et ot N et oy e

e ey £ VRTT  ri _, ¥

W, R . SRS e

TABLE 16. SPATIAL ACCURACY OF THE VISUO-PERCEPTUAL JUDGMENT:
COMPARISON OF MEANS (DISTANCE DEVIATION)*
HORIZONTAL DIRECTION
RIGHT CENTER LEFT
38.13" 33.78" 37.88"
HORIZONTAL X VERTICAL DIRECTION
RT-440  CTR-440 LFT-440  RT-349 CTR-340  LFT-349
35,23" 27.52" 38.32"  41.03" 40,05" 37.43"
SPEED X HORIZONTAL DIRECTION
FST-RT TFST-CTR FST-LFT SLO-RT SLO-CTR  SLO-LFT
36.30" 32.39" 41.08" 39,95" 35.18" 34.68"
'SPEED X VERTICAL DIRECTION
FST-44° FST-34° SLO-440 SLO0-34°
42,87" 30.31" 24.,51" ~ 48.69"
SKILL X SPEED X VERTICAL DIRECTION
HI-SLO-44° HI-SLO-34° HI-FST-44° HI-FAST-349°
12,35" 29,96" 24,91" 22,88"
LO-SLO-440 LO-SLO-340 LO~-FST-44° LO-FAST-34°
36.67" 67.42" 60,82" 37.,75"

*Since all possible mean comparisons were not made, lines

connect

only those means which were compared. Solid lines

indicate significance; broken lines indicate no signifi-

cance,
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FIGURE 18 INTERACTION EFFECT:

SKILL X SPEED X VERTICAL DIRECTION

(DISTANCE DEVIATION IN INCHES)
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Radial Error. The results of the analysis of radial error are shown in

Table 17, p. 85.

Group Characteristics. Figure 19, p. 87 shows the effect of skill level upon

the accuracy of the perceptual judgment in terms of radial or absolute error.
Skilled individuals were significantly more accurate than unskilled individuals
in judging the flight of the moving object in space. The main effect of age,
however, was not significant. Thus for the particular age groups involved

in this study, the level of physical maturity of the individual was not an
important factor affecting the accuracy of the visuo-perceptual judgment.

Stimulus Attributes of the Moving Object. Stimulus characteristics of the moving

object included speed, horizontal direction, and vertical direction of object

flight. The main effects of horizontal and vertical direction were significant.

(See Table 17, p. 85) In general, objects projected directly at the individual
(a horizontal angle of 0°; 36.75") were judged significantly more accurately
than those projected to his left (42.39") or right (40.43"; horizontal angle -
5°). (See Table 18, p. 89) For the vertical direction of object flight, objects
projected at a greater vertical angle (44° above the horizontal) were judged
more accurately than those projected at a flatter vertical angle (34° above the
horizontal). The interaction between Horizontal Direction X Vertical Direction
was also significant. This suggested that the accuracy of the visuo-perceptual
response was dependent upon the particular combination of horizontal and vertical
direction of object flight being judged. The nature of this interaction effect
is shown in Figure 20, p. 88. As can be seen, objects projected at a flatter
vertical angle (34°) were judged equally accurately regardless of the horizontal
direction of their flight. Judgments about objects projected at a greater
vertical angle (44°), however, were affected differentially by the horizontal

direction in which the object was traveling. When the object was projected
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TABLE 1i7. SUMMARY TABLE: ANALYSIS OF VARIANCE - RADIAL ERROR
Source Sum Critical
of of Mean F~Value
Variation Squares df Square F-Test (.01)
Group Characteristics
(Between Sub jects)
Age 70,029.30 2 35,014,65 2,31 5.08
Skill (Sk) 1,017,268.36 1 1,017,268.36 67.14% 7.19
Age X Skl 80,166.22 2 4008311 2,65 5.08___
Sub jects Within Groups 727,296.48 48 15,152.01
Flight Characteristics
(Within Subjects)
Speed (Sp) 16,594.45 1 16,594.45 47 7.19
Age X Speed 33,763.04 2 16,881.52 .48 5.08
Sk X Sp 10,271.26 i 10,271.26 .29 7.19
Age X Sk X Sp_ e 20,204.79 2 _____ 10,132.40 _____. 29 3.08 ___
Sp X Subjects
Within Groups 1,696,971.02 48 35,353.56
Horizontal Direction (HD) 28,322.17 2 14,161.08 8.04% 4.82
Age X HD 7,824,79 4 1,956.27 1.11 3.51
Sk X HD 9,572.44 2 4,786.22 2.72 4,82
Age X Sk XHD 9299 4 ____ 232.48 13 3.51
HD X Subjects o TToTTTTTTTTTTTTTTTmTTTmmmmmmmmmmemee
Within Groups 169,129,122 96 1,761,76
Vertical Direction (VD) 53,085.44 1 53,085.44 8.44% 7.19
Age X VD 5,095.41 2 2,547.71 .40 5.08
Sk X VD 2,616.61 1 2,616.61 42 7.19
Age X Sk XVD_____ 6,134,602 ______ 3,067.30 .49 5.08
VD X Subjects o ToTTTTTTTTTTTTTTTTTTmTmmmmmmmmmmmm e
Within Groups 302,073,37 48 6,293.20
Sp X HD 69,104.35 2 34,552.18 12.23% 4,82
Age X Sp X HD 13,363.94 b 3,340.99 1.18 3.51
Sk X Sp X HD 1,125.34 2 562,67 .199 4,82
Age X Sk X Sp XHD_ ________ 1,979.5 __&________49.88 175_____3.51
Sp X HD Subjects o ToTTTTTTTTETTTTTTmTTmmmmommmmommeTemes
Within Groups 271,134.12 96 2,824,311
Sp X VD 339,549.00 1 339,549.00 84.69% 7.19
Age X Sp X VD 25,941.81 2 12,970.91 3.24 5.08
Sk X Sp X VD 78,672.46 1 78,672.46 19.62% 7.19
fge X Sk X Sp X VD________ 19,361,122 9,670.56_____ 241 ______ 5.08____
Sp X VD Subjects
Within Groups 192,440,220 48 4,009.,17
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TABLE 17. SUMMARY TABLE: ANALYSIS OF VARIANCE - RADIAL ERROR (CONT'D) i
i
Source Sum Critical ;
of of Mean F-Value :
Variation Squares df Square F-Test (.01) j
HD X VD 20,889,36 2 10,444 .68 5.04% 4.82
Age X HD X VD 2,175.77 4 543.77 .26 3.51 f
Sk X HD X VD 1,250.05 2 625.02 .30 4,82 :
Age X Sk X HD X VD__________ 546.97____ 4 _______. 136,74 _______207_______ 3.51_.___
HD X VD Subjects
Within Groups 199,001.85 96 2,072.94
Sp X HD X VD 678.63 2 343,81 .18 4 .82
Age X Sp X HD X VD 1,249.58 4 312.39 «17 3.51
Sk X Sp X HD X VD 2,981.34 2 1,490.67 .79 4.82
Age X Sk X Sp X HD X VD 5,801.96 4 1,450.49 o717 3.51

- L Lt e X S wwe Mws VUV Twe GW WD CUV HNO D Gup TG WD EED D GED WS GED fuS TED GED (uY SNS GED SO (ED GED TED M P Mt GED WD D D WD WD W D WD WD WD e T D NP WD WD D WD 00 S D AP WD ) D mn S G S W e

Within Groups 180,429,62 96 1,879.48
*Significant at the .0l level.

directly toward the individual, it was judged more accurately than when it was
projected to either the right or the left of the individual.

The main effect of speed was not significant suggesting that in general the
speed of object flight (within the limits of the speeds used) did not significantly
affect the accuracy of the visuo-perceptual judgment made by the individual. Sig-
nificant interactions between Speed X Horizontal Direction and Speed X Vertical
Direction indicated that speed did become important when the speed character-
istics of object flight were combined with a particular directional component
of object flight. (See Table 18, p. 89) These interactions are shown in
Figures 21 and 22, p. 90. Figure 21 suggests that when the object was pro-
jected to the right of or directly at the individual, speed had little or no
effect upon the visuo-perceptual response. However, when the object was
moving to the left of the individual, speed became important and objects
traveling at a slower speed were judged significantly more accurately than

those moving at a faster rate of speed.
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FIGURE 19 . ACCURACY OF VISUO-PERCEPTUAL JUDGMENTS AS A FUNCTION OF GROUP

CHARACTERISTICS AND STIMULUS ATTRIBUTES OF THE

MOVING OBJECT IN SPACE (RADIAL ERROR)
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% Significant at .01

In terms of vertical
angle were more difficult
of speed. See Figure 22,

angle were more difficult

direction, objects projected at a low vertical

to judge when they were traveling at a slow rate

Conversely, objects projected at a higher vertical

to judge when they were traveling at a fast rate

of speed. In addition, the interaction between Skill X Speed X Vertical

Direction (See Table 18, p. 89 and Figure 23, p. 91) indicated that visuo-
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FIGURE 20. INTERACTION EFFECT: VERTICAL X HORIZONTAL
DIRECTION (RADIAL ERROR IN INCHES)

50 |
43,99
S~ A8 s
Radial -
(in inches)
30
30.72
____ High Angle
--=- Low Angle
20 i - J |
Right Center Left

perceptual judgments about objects moving at a given speed and in a given
vertical direction were also affected to some degree by the particular skill
level of the individual making the judgment. Although difficult to interpret,
this interaction effect appeared to involve differences in the accuracy of
the visuo-perceptual response when the object was projected at a fast speed.
The skilled person judged fast-moving objects equally accurately whether

they were projected at a high or low vertical angle. For the unskilled
person, objects projected at a fast speed and high vertical angle were signi-

ficantly more difficult to judge than were objects projected at a fast speed

and low vertical angle.
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TABLE 18. SPATIAL ACCURACY OF THE VISUQ-PERCEPTUAL JUDGMENT:
COMPARISON OF MEANS {(RADIAL ERROR)*

HORIZONTAL DIRECTION
e
RIGHT CENTER LEFT

40.43" 36,75" 42,39"

HORIZONTAL X VERTICAL DIRECTION

RT-440  CTR-440 LFT-440  RT-340 CTR-34°  LFT-340

40.86" 30.72" 38.45"  43.99" 42.78" 42.41"

T D e WS CEp EID fUS EED EED MD GV UG OB TMD AD N Y

SPEED X HORIZONTAL DIRECTION

FST-RT FST-CTR FST-LFT  SLO~RT SLO-CTR  SLO-LFT

38.65" 37.09" 49,20"  42.20" 36.42" 35.59"

SPEED X VERTICAL DIRECTION

FST-440 FST-340 SLO-440 SLO-340°

46.,54" 36.75" 26.78" 49.36"

SKILL X SPEED X VERTICAL DIRECTION

HI -SLO-440 HI-SLO-34° HI-FST-44° HI-FST-340
14.55" 30.76" 29,33" 28.76"
LO-SL0-440 LO-SLO-34° LO-FST-440 LO-FST-340
39.01" 67.96" 63.75" 44, 75"

*Since all possible mean comparisons were not made, lines
connect only those means which were compared. Solid lines
indicate significance; broken lines indicate no signifi-

cance.
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FIGURE 21 . INTERACTION EFFECT: SPEED X HORIZONTAL DIRECTION
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FIGURE 22 . INTERACTION EFFECT: SPEED X VERTICAL DIRECTION
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FIGURE 23. INTERACTION EFFECT: SPEED X SKILL X VERTICAL DIRECTION
(RADIAL ERROR IN INCHES)
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Lateral Deviation. The results of the analysis of lateral deviations

or right-left errors made by the individual in judging the flight of the mov-
ing object are shown in Table 19, p. 93. (Interpretation of the results of
the analysis are made in light of the low reliabilities obtained for this per-
formance measure. )

Group Characteristics. Table 19 indicates that the level of skill of the

individual significantly affected the accuracy of his visuo-perceptual
response. In terms of right-left error, then, skilled individuals (6.35")
judged the flight of the moving object significantly more accurately than
did unskilled individuals (8.04")., (See Figure 24, p. 94.)

The age or maturity level of the individual did not significantly affect
the precision of the visuo-perceptual judgment. The presence of two signifi-
cant higher order interactions involving Age X Horizontal Direction (Figure 25,
p. 95) and Age X Speed X Horizontal Direction (Figure 26, p. 96) indicated
that age may have become an important factor affecting the visuo-perceptual
judgment when certain specific combinations of stimulus characteristics
were being judged by the individual. However, the exact nature and meaning
of these interactions was difficult to establish. Therefore, no strict inter-
pretation of these particular effects was possible.

Stimulus Characteristics of the Moving Object. Each of the three main effects

of speed, horizontal direction and vertical direction of object flight were
significant, (See Table 19, p. 93) The nature of these effects are shown

in Figure 24, p. 94, Overall, errors in the perceptual judgment (right-left
error) were greater for objects projected at the fast speed (10.49") than for
those projected at the slow speed (3.90"), In terms of horizontal direction

of object flight, errors in the perceptual response were greatest for objects
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i TABLE 19. SUMMARY TABLE: ANALYSIS OF VARIANCE - LATERAL DEVIATION

; Source Sum Critical
v of of Mean F-Value
; Variation Squares df Square F-Test (.01)

Group Characteristics
(Between Sub jects)

[ e

: Age 1,511.30 2 755.65 1.66 5.08
? Skill (Sk) 3,673.71 1 3,673.71 8.08% 7.19
fo Age X Sk 70.96 2 35.48 .08 5.08
g Subjects Within Groups  21,823.98 48 454,67 T TTTTTTTTTTTTTTTT
; Flight Characteristics
§ (Within Subjects)
: Speed (Sp) 56,116.35 1 56,116.35 158,64 7.19
Age X Sp 556.30 2 278.15 .79 5.08
Sk X Sp 338.15 1 338.15 .96 7.19
Age X Sk X Sp 564.40 2 283.70 .80 5.08
Sp X Subjects o ooTTTTTTTTTTTTmmmmmmmmmmmmmmmmmmmmmmmmmmmemmmm
Within Groups 16,978.99 48 353.73
Horizontal Direction 15,176.13 2 7,588.06 17.69% 4.82
Age X HD 23,385.75 4 5,846.44 13.63% 3.51
Sk X HD 2,052.12 2 1,026.06 2.39 4,82
Age X Sk X HD 3,645.24 4 911.31 2.12 3.51
HD X Subjects S TTTTTTTTTTTTTTTTTTTTTTTTTTmmmmmmmmmmm e
Within Groups 41,190.13 96 429,06
Vertical Direction 2,811.95 1 2,811.95 23.74 7.19
Age X VD 479.64 2 239.82 2,02 5.08
Sk X VD 836.17 1 836.17 7.06 7.19
Age X Sk X VD 329.00 2 164.50 1.39 5.08
VD X Subjects o oTTTTTTTTTTTTTmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm—mT
Within Groups 5,686.13 48 118.46
Sp X HD 39,178.49 2 19,589.25 68.80% 4.82
Age X Sp X HD 8,703.99 4 2,176.00 7 .64% 3.51
Sk X Sp X HD 1,425.18 2 712.59 2.50 4.82
Age X Sk X Sp X HD 2,954,31 4 738.58 2,59 3.51
Sp X HD X Subjects o oTTTTTTTTTTTTTTmTmmmmmmmmmmmmmmmmmmmmmmmmT
Within Groups 27,331.91 96 284,71
Sp X VD 2,269.46 1 2,269.46 21.46% 7.19
Age X Sp X VD 205.42 2 102.71 .97 5.08
Sk X Sp X VD 53.37 1 53.37 .50 7.19
Age X Sk X Sp X VD 323.39 2 161.70 1.53 5.08
§p X VD X Subjects T TTTTTTTTTTTTTTTTTTTTTTTTTTTmmmmmm o e e
Within Groups 11,771.06 96 122.62
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TABLE 19. SUMMARY TABLE: ANALYSIS OF VARIANCE - LATERAL DEVIATION (CONT'D)

Source Sum Critical
of of Mean F-Value
Variation Squares df Square F-Test (.01)
HD X VD 10,129.80 2 5,064.90 41.31% 4,82
Age X HD X VD 1,514.81 4 378.70 3.09 3.51
Sk X HD X VD 683.90 2 341.95 2,79 4.82
Sk X Age X HD X VD 724.46 4 __181.12_ 1.48 3.51
D X VD X Subjects  ___CoTTTTTTTTTTTTTTTmTTmmmmmmmmmmmmmmmmmTe
Within Groups 11,771.06 96 122.62
Sp X HD X VD 2,114.97 2 1,057.49 8.29%* 4,82
Age X Sp X HD X VD 1,462.29 4 365.57 2,87 3.51
Sk X Sp X HD X VD 292.07 2 146.03 1.14 4,82
Age X Sk X Sp X HD X VD 470.78 4 117.69 .92 3.51
Sp X"HD X VD X Subjects T TTTTTTTTTTTmmTmmmmmmmmmommmmmmmmmmmeomemT
Within Groups 12,243.85 96 127.54

*Significant at the .01 level.

FIGURE 24, ACCURACY OF THE VISUO-PERCEPTUAL JUDGMENT ACCORDING TO
GROUP AND STIMULUS CHARACTERISTICS (LATERAL DEVIATION)

15 ., ] | |
| , |
10 10.49
Lateral 8.04 9.29
jati 7.96 :
PeV}atlon = 6.84 7.93
(in inches) 7 6 !
* .35 .29 6 .40
{ 1 5.70
> |
3.90
I |
| |
0 1 l | _
Age Skill*  Speed* Horizontal Vertical

Direction* Direction¥*

*Significant at .01 level
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FIGURE 25. INTERACTION EFFECT: AGE X HORIZONTAL DIRECTION
(LATERAL DEVIATION IN INCHES)

201 -
Junior High
---~ High School
<.~. College
15
13.88
1 10 9.3
Latera .
Deviation Z\
(in inches)
-
5053/ *
5~
0 —d i . §
Left Center Right

projected to the left of the individual; for vertical direction, perceptual
judgments were less accurate for objects projected at a vertical angle of
34° (7.93") than for objects projected at a vertical angle of 44° (6.46").
The following higher order interactions were also significant: Speed
X Horizontal Direction (Figure 27, p.97), Speed X Vertical Direction (Figure

28, p. 97), Horizontal X Vertical Direction (Figure 29, p. 98), and Speed
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FIGURE 26.

INTERACTION EFFECT:

AGE X SPEED X HORIZONTAL DIRECTION
(LATERAL DEVIATION IN INCHES)

ST AT N AR R T ST Ry, AR, R

25 Junior High Higk School College

|

Slow Slow Slow
--- Fast Nm.m\.m --~ Fast --- Fast
20 /
/ 16.08
15 /
Lateral /
Deviation /
(in inches) 12,13
7 ™~
10 / Ve ~10.09
/ 7
8.32 / 8.3v
- 7
7
e /7
4,58~ Ve
54 % .36 4.13
Nr7\ N—.o 55 2.66
.22
.96
o | 1 2 o Y ' N a2 4
Right Center Left Right Center Left Right Center Left
LY
o

I A R (R e a P el v e . o R

)

T,

By

T Bl bar s Lk o s s o eave a b

i




FEEE ARG ST TP AT T T 8 e a v em e o -

My .

FIGURE 27. INTERACTION EFFECT: SPEED X HORIZONTAL DIRECTION
(LATERAL DEVIATION IN INCHES)
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15 | --- Fast /
/
/
/
/
10 - /
9.31
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Deviation 7
(in inches) //
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FIGURE 28, INTERACTION EFFECT: SPEED X VERTICAL DIRECTION
(LATERAL DEVIATION IN INCHES)
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--- Fast E‘ 88
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10 _
9.09-
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(in inches) —
g 0 Hiéh Tow
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FIGURE 29, INTERACTION EFFECT: HORIZONTAL X VERTICAL DIRECTION
(LATERAL DEVIATION IN INCHES)
15 .
High Angle
~=-~=- Low Angle
12.26
10 | 4
Lateral ' ‘ /
Deviation /,/
in inches
( b) 6.29 6042 ./
St 6.92
5 —- 6.17
5.11
0 L . i
Right Center Left

X Horizontal X Vertical Direction (Figure 30, p. 99). The presence of these
significant interactions indicated that, at least in terms of lateral or right-
left error, the accuracy of the perceptual judgment made by the individual

was dependent to a great extent upon the particular combination of stimulus

characteristics he was judging.

The exact reason for these higher order interactions was difficult to

R S s o

establish. Figure 30, p.99, indicates that when the object was moving at

a fast rate of speed, horizontal direction always affected the accuracy of the
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visuo-perceptual judgment. 1In addition, when the object was projected to the
left of the individual, the vertical direction of object flight also signifi-
cantly affected the precision of the visuo-perceptual response. 1In this case,
judgments about objects projected at a vertical angle of 34° were significantly
more accurate than those of objects projected at a greater vertical angle (44°).
When the object was projected to the right of or directly at the individual,
the vertical direction of object flight had little or no effect upon the
accuracy of the visuo-perceptual response. (See Table 20, p. 10l.)

When the object was projected at a slow speed, the effect of vertical and
horizontal direction of object flight was entirely different. For example, when
the object was moving horizontally to the right, visuo-perceptual responses were
significantly more accurate for objects projected at a low vertical angle (34°)
than for objects projected at a high vertical angle. Conversely, when the object
was traveling horizontally to the left, objects projected at a vertical angle
of 44° were judged significantly more accurately than those projected at a
lower vertical angle (34°). For objects moving directly at the individual,
vertical direction of object flight had no affect upon the accuracy of the
visuo-perceptual response.

MOVEMENT TIME

Results of the analysis of movement time are shown in Table 21, p. 102.

Group Characteristics. No significant effect due to: skill level was found.

See Table 21. Thus skilled individuals tended to remain in motion equally

as long as unskilled individuals. Although movement time decreased slightly
with increasing age or maturity level, the difference between the various age
groups was not statistically significant. In general then, regardless of
skill or age classification, movement time tended to be the same across all

individuals.
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TABLE 20, SPATIAL ACCURACY OF THE VISUO-PERCEPTUAL JUDGMENT:
COMPARISON OF MEANS (LATERAL DEVIATION)*

HORIZONTAL DIRECTION

RIGHT CENTER LEFT

5.70" 6.29" 9.59"

AGE X HORIZONTAL DIRECTION

RIGHT CENTER LEFT
JR HI COLL JR HI COLL JR HI COLL

4.51" 4.,75" 7.84" 5.49" 6,22" 7.17" 13.88" 9,37" 5,53"

HORIZONTAL X VERTICAL DIRECTION

RT-440 CTR-440 LFT-440 RT-340 CTR-340 LFT-349

6.29" 6.17" 6.92" 5.11" 6.42" 12.26"

SPEED X HORIZONTAL DIRECTION

FST-RT FST-CTR FST-LFT  SLO-RT SLO-CTR  SLO-LFT
5.77" 9.31" 16.37" 5.63" 3.27" 2.81"

SPEED X VERTICAL DIRECTION

FST-44° FST-349 SLO-440 SLO-34°

9.09" 11.88" 3.83" 3.98"

*Since all possible mean comparisons were not made, lines
connect only those means which were compared. Solid lines
indicate significance; broken lines indicate no significance.
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TABLE 21, SUMMARY TABLE: ANALYSIS OF VARIANCE - MOVEMENT TIME
Source Sum Critical
of of Mean F-Value
Variation Squares _df Square F-Test (.01)
Group Characteristics
(Between Subjects)
Age 8.8143 2 4.4071 1.28 5.08
Skill (Sk) .2175 1 .2175 .06 7.19
Age X_Sk o 104239 2 5,210 1.5l 3.08 ___
Subjects Within Groups 165.4332 48 3.4465
Flight Characteristics
(Within Subjects)
Speed (Sp) 48.0095 1 48,0095 67.12% 7.19
Age X Sp .7084 2 .3542 495 5.08
Sk X Sp .0002 1 .0002 - 7.19
Age X Sk X Sp __ _ ___ _ 2.7157 2 1.3578 _______1.898 ____ 5.08____
Speed X Subjects
Within Groups 34,3322 48 .7153
Horizontal Direction (HD) 19.1778 2 9.5889 30.42% 4,82
Age X HD .9152 4 .2288 .73 3.51
Sk X HD 2.4818 2 1.2409 3.9 4.82
Age X Sk X HD _______________.3902_ ____ - SR . - SN Y M- 1T-) S
HD X Subjects
Within Groups 30.2605 96 .3152
Vertical Direction (VD) 5.7533 1 5.7533 28.13* 7.19
Age X VD 5554 2 .2777 1.36 5.08
Sk X VD .1658 1 .1658 .81 7.19
Age X Sk X VD e c1038 2 0529 .26 ____5.08 ..
VD X Subjects™
Within Groups 9.8180 48 .2045
Sp X HD 1.5588 2 .77% 4.07 4,82
Age X Sp X HD .7371 4 .1843 .96 3.51
Sk X Sp X HD .3615 2 .1807 .94 4.82
Age XSk X SpXHD 8459 4 2115 110 3.51___.
Sp % HD X Subjects
Within Groups 18.3856 96 .1915
Sp X VD 1.7270 1 1.7270 12.18% 7.19
Age X Sp X VD .1055 2 .0528 .37 5.08
Sk X Sp X VD 2142 1 .2142 1.51 7.19
Age X Sk X SpX VD 1,2139 2 .6069 _______ 428 ____5.08____
Sp X VD X Subjects
Within Groups 6.8079 48 .1418
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TABLE 21. SUMMARY TABLE: ANALYSIS OF VARIANCE - MOVEMENT TIME (CONT'D)
Source Sum — Critical
of of Mean F-Value
Variation Squares df Square F-Test (.01)
HD X VD .0578 2 .0289 .21 4.82
Age X HD X VD .6705 4 .1676 1.23 3.51
Sk X HD X VD 1.1916 2 .5958 4.36 4.82
Age X Sk X HD X VD .1999 b 0499 W37 3.51 ___
HD X VD X Subjects ~~ T TTTTTTTTTTTTTTTTTTTTTTTTTT
Within Groups 13.1148 96 .1366
Sp X HD X VD 2748 2 1374 1.15 4.82
Age X Sp X HD X VD .5801 4 .1450 1.22 3.51
Sk X Sp X HD X VD .1303 2 .0652 .55 4.82
Age X Sk X Sp X HDX VD . 1969 4 0492 A4l 3.51
Sp X HD X VD X Subjects
Within Groups 11.4468 96 .1192

*Significant at the .01 level.

It should perhaps be pointed out that movement time, in this case, did

not represent speed of movement as the distance traveled or covered by the

individual during the time measured as movement time was free to vary. Thus

the usefulness or meaningfulness of these particular data are open to question.

Stimulus Characteristics of the Moving Object.

The three main effects of speed,

horizontal and vertical direction of object flight were significant. The

average movement time for each of these main effects is shown in Figure 31,

p. 104. As can be seen, when the object was moving at a fast rate of speed,

subjects tended to have significantly longer movement times than when the

ob ject was projected at a slow speed.

The vertical direction of object flight was also a significant factor

affecting the total length of time the individual remained in motion. Subjects

tended to have longer movement times when the object was projected at a flatter

vertical angle (34°) than when it was projected at a greater vertical angle (449).
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The significant interaction between Speed X Vertical Direction, shown in Figure
32, p. 105, indicated that the length of time the subject remained in motion
was affected by the particular combination of speed and vertical direction of
object flight. At a slow speed, the individual tended to remain in motion for
equally long periods of time regardless of the vertical direction of object

FIGURE 32. INTERACTION EFFECT: SPEED X VERTICAL DIRECTION
(MOVEMENT TIME IN 100'S OF A SECOND)

1.60 |
1.37
/
/
/
1.50 | / —__ Slow
Movement /'/ --~ Fast
Time
(100's of 1.47
a second)
1.40 J
1,35
1.32
1.30 . . o
High Low
Angle Angle

flight. When the object was projected at a fast speed, however, the vertical
direction of flight appeared to significantly affect the amount of time the
individual remained in motion. Movement time was longer for objects projected
at a vertical angle of 34° than for objects projected at a vertical angle of
44°, (See Table 22, p. 1G6).

The horizontal direction of object flight also appeared to significantly
affect the total movement time of the individual. When the object was pro-
jected to the right, the subject remained in motion significantly longer than

when it was projected to his left or directly at him. (See Table 22,)
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TABLE 22. MOVEMENT TIME: COMPARISON OF MEANS
(1/100'S OF SEC)*

HORIZONTAL DIRECTION

RIGHT CENTER LEFT

1.513 1.387 1.380

SPEED X VERTICAL DIRECTION

FAST-44° FAST-340° SLO-44° SLO-340°

1.47 1.57 1.32 1.35

*Since all possible mean comparisons were not made, lines
connect only those means which were compared. Solid
lines indicate significance; broken lines indicate no

significance.

SUMMARY

Speed of the Visuo-Perceptual Response. (Reaction Time)

Group Characteristics.. In terms of the speed of the visuo-perceptual response,

skilled individuals judged the flight of the moving object significantly more
rapidly than did unskilled individuals. Although the speed of the visuo-
perceptual judgment tended to be faster in the older age groups, age or
maturity level did not, in general, significantly affect the speed with which
the individual visually judged the moving object in space.

Stimulus Characteristics of the Moving Object. The speed of the perceptual

judgment was significantly affected by the speed and horizontal direction of

object flight. In general, individuals responded significantly more rapidly
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to fast-moving objects than to slow-moving objects. Individuals also responded
more quickly to objects moving horizontally to the right than to objects moving
horizontally to the left or directly at them, Vertical direction of object

flight, however, had no significant effect upon the speed of the visuo-

perceptual response,

Spatial Accuracy of the Visuo-Perceptual Judgment.

Group Characteristics. Without exception, the analysis of the measures of

spatial accuracy (including radial, depth and lateral deviations) indicated

that skilled individuals were significantly more accurate in judging the

flight of the moving object than were unskilled individuals. 1In terms of
distance or depth error, the visuo-perceptual response of the skilled in-
dividual was, on the average, twice as accurate as that of the unskillied
person. With respect to radial or absolute error, the skilled individual
again was significantly superior to the umnskilled individual in judging the

flight of the moving object in space. In terms of lateral error, the difference

between the skilled and unskilled groups was small (skilled-6.35"; unskilled-

8.04") but statistically significant.

The age or maturity level of the individual did not, in any case (radial,
distance, or lateral error), significantly affect the accuracy of the visuo-
perceptual judgment. In two instances, however, there were significant
interactions between age and certain stimulus characteristics of the moving

object. Analysis of the distance deviation measure revealed a significant

interaction between age, speed and vertical direction of object flight,

Analysis of the lateral deviation measure showed a significant interaction

between age, speed and horizontal direction of object flight. Both of these

interactions suggested that the effect of horizontal or vertical direction of
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object flight was much the same for all age groups when the object was moving at

a slow rate of speed. The effect of the direction of object flight differed,

however, for different age groups when the object was moving at a fast rate of

speed. The exact nature of this effect, however, was unclear.

Stimulus Characteristics of the Moving Object.

(1) Radial and Distance Error. Without exception, the analysis of these two per-

formance measures revealed the same significant relationships. In terms of radial
and distance error, the main effects of horizontal and vertical direction of ob-
ject flight were significant. This suggested that the accuracy of the visuo-per-
ceptual response was affected by the particular vertical or horizontal direcgion
in which the object was moving. The significant interaction between horizontal
and vertical direction of object flight indicated, however; that the effect of hor-
izontal direction held true only for objects projected at a vertical angle of 449,
The main effect of speed of object flight was not significant. Speed
seemed, however, to become important when it was combined with a given hori-
zontal or vertical direction of object flight. The significant interaction
between skill, speed, and vertical direction further suggested that the skilled
individual was able to judge fast-moving objects equally accurately regardless .
of the vertical direction of object flight. The accuracy of the perceptual
response of the unskilled individual was, on the contrary, affected in different
ways by the vertical direction of the object's flight. For slow-moving objects,
the effect of the vertical direction of object flight was much the same for
both skill groups. (It should be kept in mind that in all instances the skilled
individual was significantly more accurate than the unskilled.)

(2) Lateral Deviation. Analysis of the Lateral Deviation measure revealed

the following significant effects: Speed, Horizontal Direction, Vertical

Direction, Speed ¥ Horizontal Direction, Speed X Vertical Direction, Horizontal
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Direction X Vertical Direction, and Speed X Vertical Direction X Horizontal
Direction. In terms of right-left error, then slow-moving objects were judged
more accurately than fast-moving objects; objects moving to the right of or
directly at the individual were judged more accurately than objects moving to
the left of the individual; and objects projected at a greater vertical angle
(44°) were judged more accurately than those projected at a flatter vertical
angle (34°). The significant interaction between speed, horizontal and vertical
direction suggested that when objects were moving at a fast rate of speed, the
horizontal direction of object flight always significantly affected the accuracy
of the visuo-perceptual judgment. Vertical direction, however, was important
only when the object was moving to the left. For objects moving at a slow rate
of speed, vertical and horizontal direction of object flight interacted in
specific ways to affect the accuracy of the visuo-perceptual judgment.
Movement Time. There were no significant differences between age or skill
groups in terms of the length of time the individual remained in motion. Move-
ment times were in general significantly longer when objects were moving at a
fast rate of speed than when they were moving at a slow rate of speed. Move-
ment times were also significantly longer when objects were projected to the
right of the individual than when they were projected at a horizontal angle of
09 or 5°-left. When objects were projected at a vertical angle of 349, in-
dividuals tended to remain in motion significantly longer than when they were
projected at a vertical angle of 44°. The interaction between Speed X Vertical
Direction was significant. At the slow speed, the vertical direction of object
flight appeared to have little or no effect upon the moveﬁént“time of the in-

dividual. On the other hand, when the object was moving at a fast rate of

speed, movement time was significantly longer for objects projected at a vertical
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angle of 34° than for objects projected at a vertical angle of 44°.

of this performance measure is questionable.
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CHAPTER VI
SUMMARY, DISCUSSION, CONCLUSIONS
SUMMARY

The purpose of the preseat study was threefold: (i) to assess the effects
of systematic variation in velocity and direction of ball flight upon visuo-
perceptual judgments made about moving objects in space; (ii) to determine
whether or not highly-skilled and poorly-skilled performers differ in their
ability to visually judge the flight of a moving object in three-dimensional
space, and (iii) to assess the effect of age or maturity level of the indivi-
dual upon the speed and accuracy of such visuo-perceptual judgments.

The experimental situation was as follows: a tennis ball was projected
into the air from a Tennis Ball-Boy machine. The ball was interrupted in its
flight by a canvas suspended four to five feet above the head of the subject.
Sub jects thus never came into actual physical contact with the moving object.
The task of the subject was to visually judge the flight of this moving object,
that is, to decide where the object was going in its flight, to select an
'optimum point for interception', and then to move as quickly as possible to
that selected spot.

Five variables were selected for study. These included:

(a) Speed of Object Projection (two levels), used to assess the

effects of velocity of ball flight upon judgments about mov-
ing objects in space;

(b) Vertical Angle of Object Projection (two levels), used to
assess the effects of the vertical direction of object flight
upon visuo-perceptual judgments about moving objects in space;

(¢) Horizontal Angle of Object Projection (three levels), which
served as a basis for evaluating the effects of horizontal
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direction of object flight upon visual judgments about the
flight of moving objects;

(d) Skill Level (two levels); and
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(e) Age or Maturity Level (three levels).

These latter two variables provided the bases for looking at differences in

visuo-perceptual performances as a function of skill and/or age classification.

A total of fifty-four (54) subjects participated in the study. Eighteen
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subjects each were selected from a population of junior high, high school,
and college age males. Of the eighteen subjects thus selected, nine were

further classified as skilled, nine as unskilled. The criteria for skill

classification were: (a) the number of years of participation in organized
baseball competition, including varsity and/or Little League membership and

(b) the position held by the individual in a distribution of scores based
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upon performances on an Overarm Throw for Velocity test., Subjects were also
screened for minimum visual acuity and depth perception capacity.

Measures of the visuo-perceptual judgment included a reaction time
measure, a movement time index, and three measures of the spatial accuracy

of the visuo-perceptual judgment. The data were analyzed by means of five §

T L

separate uni-variate analyses of variance, each using a single performance
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index per analysis. Where appropriate, Scheffe's Multiple-Comparisons Test

-~

was used to compare differences between group means.

DISCUSSION
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Before the turn of the century Sechenov, a Russian physiologist, asserted

that all of man's behavior could be thought of as consisting of three main
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processes: (a) a sensory input, (b) a cortical process, and (c) an efferent
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or motor outflow., Sechenov further hypothesized that the last of these
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processes, the efferent or motor ocutput, was dependent in large part upon
the nature of the sensory input and the central elaboration or processing
of that sensory input. (65)

Modern day information processing theories have adopted a similar kind
of schema in an attempt to explain the nature and functioning of the nerwous
system of man. Such theories suggest that one of the most important steps
leading to the production of any motor act is the receiving and processing
of sensory information appropriate to that behavior. (1i4) The processing
of such sensory information, it is suggested, involves the changing or en-
coding of the physical stimulation received by the individual into some
neural form. Accordingly, this sensory information is then translated, by
means of intricate central nervous system processes, into appropriate motor
or efferent output. The end result of this information processing cycle,
then, is the behavior which we observe, the overt movement or motor response.
The overall success or failure of the motor act, according to such theories,
is largely governed by the effectiveness of the information processing mech-
anism of the individual, that is, by the speed and precision with which in-
coming sensory information can be processed. According to this formulation,
then, the speed and precision with which the flight of a moving object in
space could be judged would be dependent, to a large extent, upon how quickly
and accurately pertinent visual information, derived from the flight of the
moving object itself, could be processed by the individual. It is within
this general framework that the following discussion is presented.

Problem I. What are the effects of systematic variation in velocity and

direction of ball flight upon the speed and precision with which
visuo-perceptual judgments are made about moving objects in space?
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Accuracy of the Visuo-Perceptual Judgment. Data from the present study

indicated that the accuracy with which the individual was able to judge the
flight of a moving object in space was, in most cases, dependent upon the
particular speed, horizontal and/or vertical direction in which the object
was moving. For example, objects projected at a high vertical angle were
judged more accurately when they were traveling at a slow speed while objects
projected at a flatter vertical angle were judged more accurately when they
were traveling at a fast rate of speed. Along the same line, objects pro-
jected at a high vertical angle (44°) were judged more accurately if they
were also moving directly toward the individual. Objects projected at a
flatter vertical angle (34°), however, were judged equally accurately regard-
less of the horizontal direction in which they were moving.

From an information processing point of view, it would appear, then,
that certain kinds or combinations of visual cues were more difficult for
the individual to process accurately than were certain others. That is,
the accuracy with which the flight of the moving object in space was judged
was a function of the particular combination of visual cues which had to
be judged. It is interesting to note that psychologists have also shown
in a number of other studies that the precision of judgments about static
stimulus situations varies markedly depending upon the nature and arrange-
ment of the elements making up the stimulus complex. (21,27,35,85) Appar-

ently, dynamic three-dimensional stimulus situations are no exception to

this rule.

The combined effect of speed and horizontal direction of object flight
upon the accuracy of the visuo-perceptual response was particularly inter-

esting. The nature of this interaction was as follows: When the object
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was moving to the right or directly at the individual, the speed of its
flight had no effect upon the precision with which the moving object was
judged. On the other hand, when the object was moving horizontally to the
left, the speed at which the object was traveling became an important factor
affecting the accuracy of the perceptual response. In this instance, indi-
viduals judged the flight of a slow-moving object significantly more pre-
cisely than that of a fast-moving object.

One of the factors which purportedly affects the accuracy of information
processing is the rate at which such information must be handled. 1In other
words, information received at a fast rate of speed appears to be more dif-
ficult to process accurately than information received at a slow rate of
speed. (114) On this basis, then, one might have expected fast-moving
objects to be more difficult for individuals to accurately judge than slow-
moving objects. The present data indicated, however, that speed alone did
not significantly affect the accuracy with which the flight of the moving
object was judged. Why then did the predicted speed affect appear when
the object was moving horizontally to the left of the individual? The
writer is inclined to speculate that a part of the reason this particular
speed-horizontal direction effect was observed is related to the concept
of sensory dominance.

Let us assume, for purposes of discussion, that the sensory dominance
or 'sidedness' of the individual is related to the accuracy of information
processing in such a way that sensory information received from objects or
events related to the non-dominant side of the individual is more difficult

to process accurately than information received from similar objects or
events related to the dominant side. Under this set of rules, then, a

'right-sided' individual would, in general, have more difficulty in judging
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the flight of an object moving to his left than in judging the flight of

an object moving to his right. If we add to this then an increase in the
rate at which such information must be processed, due to an increase in

the speed of the flight of the moving object, an additional stress is placed
on the information processing mechanism of the individual, a stress which
could result in a decrease in the accuracy with which fast-moving objects

were judged. 1In other words, it is possible that when the object was mov-

ing to the left of the individual but at a slow rate of speed, the visual
information concerning the flight of the moving object was received at a
rate slow enough to permit accurate processing of the incoming information.
However, when the speed of this moving object was increased, the rate at
which sensory information was received and processed also increased and,

as a result, accurate processing of the incoming sensory information may
not have been possible. If this were the case, then, judgments about the
flight of fast-moving objects, traveling horizontally to the left, would
have been less accurate than those for objects wmoving in the same direction
but at a slow rate of speed.

Although the foregoing discussion provides a rather interesting anal-
ysis of this particular speed-direction effect, it is important to point
out that no information concerning the 'sidedness' of the individual sub-
jects participating in the study was acquired. Therefore a test of the
validity of such an explanation must necessarily await future research in
this area. Such data as these do, however, suggest that we may need to
begin to look more closely at the problem of sensory dominance and the role

it plays in the performance of gross motor skills.
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Speed of the Perceptual Response. The speed with which the visuo-

perceptual judgment was made was dependent upon three factors: (a) the
speed of the moving object; (b) the horizontal direction in which the ob-
ject was traveling;. and (c) the level of skill of the individual judging
the moving object. (This latter effect will be discussed in a later sec-
tion. See Problem II, p. 118.)

In general, cbjects traveling at a fast rate of speed were responded
to significantly more quickly than were objects moving at a slower rate of
speed. It is doubtful, however, that this represents the true effect of
velocity of object flight upon the speed of the visuo-perceptual judgment.
Rather, it is more likely a reflection of the instructions given to the
subject and of the general experimental situation itself. Due to the nature
of the experimental situation, when the object was traveling at a fast rate
of speed, the individual was forced to cover a greater distance to get to
the desired point of interception than when the object was traveling at a
slow rate of speed. Since subjects were instructed to move 'just as though
they were actually going to try to catch the ball', the question arises of
whether or not the individual actually required a longer time to 'visually
judge' the flight of the slow-moving object or if he simply waited longer
before responding because he knew he had more time to reach the desired
point of interception? As a result of this artifact in the experimental
situation, no clear-cut statement concerning the effect of velocity of ball
flight upon the speed of the visuo-perceptual response can be made.

The other factor which appeared to affect the speed of the visuo-per-
ceptual response was the horizontal direction in which the object was travel-~
ing. In this case, objects moving to the right of the individual were

responded to more quickly than objects moving to the left or directly at
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the individual. This indicated that, at least in the present study, indi-
viduals tended to make their judgments about the flight of the moving ob-
ject more quickly when it was moving to the right than when it was moving
in either of the other two horizontal directions. 1In connection with this,
it should also be noted that judgments about the flight of objects moving
horizontally to the right were always as accurate, if not more so, than
judgments about objects moving to the left. This suggests that less time

was needed by the individual to accurately process visual information de-

rived from an object moving horizontally to the right than to process sim-

ilar visual information derived from an object moving horizontally to the

left. Why this should be so is, of course, puzzling. Although the writer
is again inclined to speculate that such effects may, in part, be related
to the 'sensory dominance' of the individual, that is, to whether or not

the individual judging the flight of the moving object was predominantly a

'right-sided' or a 'left-sided' individual, there is little or no evidence

presently available to support such an assertion.

Problem II. Do highly-skilled and poorly-skilled individuals differ in
their capacity to visually judge the flight of a moving object
in space?

There is little doubt that skilled motor performance involves, in the
final analysis, complex interactions among the various physiological systems
of the body. From an information processing point of view, however, an
important part of the performance 6f any motor behavior is the effective
processing of sensory information basic to the performance of that behavior.
If this is true, then one of the things that should differentiate between
the highly-skilled and the poorly-skilled individual is the capacity to

process, rapidly and accurately, sensory information pertinent to the suc-

cessful performance of a given motor act.

118
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Data from the present study strongly support such an assertion. For
example, individuals classified as fskilied' were, without exception, sig-
nificantly more accurate than individuals classified as 'unskilled' in
visually judging the flight of a moving object in space., In terms of the
speed with which such judgments were made, the perceptual responses of the
skilled individual wer. always significantly faster than those of the un-
skilled. Such findings as these do suggest, then, that the skilled indi-
vidual may be able to process incoming sensory information at a faster rate
and with a greater degree of accuracy than can the unskilled. 1In other
words, it may be that the highly-skilled performer does, in fact, possess
a sensori-perceptual mechanism that is superior to that of the unskilled
performer,

It is also interesting to note that in two instances (radial and dis-
tance deviation measures), there was a significant interaction between the
level of skill of the individual and the accuracy with which certain com-
binations of visual cues were judged. In both cases, the nature of the
interaction was such that it pointed to some interesting differences betwzen
the skilled and the unskilled individual in terms of their respective abil-

ities to accurately judge the flight of a fast-moving object in space.

In general, skilled individuals were able to judge the flight of a fast-
moving object equally well regardless of the vertical direction of its
flight. However, the precision with which unskilled individuals judged
the flight of a fast-moving object was significantly affected by the ver-
tical direction in which the object was moving. Furthermore, when the

object being judged was moving at a slow rate of speed, no such skill ef-

fect was observed. Although much more definitive work needs to be done

in this area, these results indicated that not only was the skilled
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individual more accurate, in general, in his judgment of the moving object
in space but that he was also capable of handling certain complex kinds of

sensory information more easily than was the unskilled individual. This

suggests of course that in many insgtances the differences in the sensori-~
perceptual capacities of the skilled and unskilled individual may be very

subtle ones.

Problem iII. What is the effect of age or maturity level upon the speed
and accuracy with which the individual judges the flight
of a moving object in space?

One of the things which is believed to characterize the growth and
development of the perceptual apparatus of the individual, and particularly
of the young child, is an increase in the capacity for processing complex
sensory information with greater and greater efficiemcy. (8,45,101) 1In
other words, it is believed that as the individual matures, his perceptual
apparatus becomes functionally more efficient. This enables him to pro-
cess available sensory information more rapidly and accurately than before
and thus he is able to make increasingly more accuraté judgments about
stimulus situations which confront him in his environment.

The results of the present investigation indicated, however, that age
had no effect upon the speed or precision with which the individual responded
to a moving object in space. That is, there were no significant differences
among junior high, high school and college age males (average ages respect-
ively: 12, 16, 20) in terms of the speed and accuracy with which they judged
the flight of a moving object in three-dimensional space. (It should perhaps
be noted that although there was some indication that the speed of the per-
ceptual response was faster in the older age groups, these differences were

not statistically significant.) In a recent study concerned with the devel-

opment of visual perception in the young child, Williams (109) reported
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that visuo-perceptual abilities involved in judging the flight of a moving
ogject in space appeared to be functionally mature at about eleven years
ofgage. Since the average age of the youngest group studied in the present
investigation was twelve, this may account for the fact that no significant
age differences were found.

Some mention should be made of the significant interaction between
age, speed and vertical direction of object flight (distance deviation).
The presence of this interaction indicated that certain combinations of
visual cues were more difficult for one age group to judge than another.

In other words, although the age of the individual did not, in general,
affect the accuracy of the perceptual response, there were instances when
certain combinations of visual cues were being judged that age became im-
portant. However, as it now stands it would appear that the major part

of the growth and devéiopment of the perceptual apparatus of the indivi=-
dual is completed by the time the individual reaches junior high school and

that thereafter age has little or no effect upon the speed or accuracy with

which the individual judges the flight of a moving object in space.

CONCLUSIONS
The following conclusions are based upon a careful study and analysis
of data from the present investigation.
(1) The speed and accuracy with which the flight of a moving object
is judged is, to a large extent, dependent upon the specific set
of visual cues involved, that is, upon the particular speed, hori-
zontal and/or vertical direction in which the object is moving at

the time it is being judged;
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(2) 1Individuals classified as highly-skilled are significantly super-

TR e 1o ot Fen e ¥V 1y

i ior to individuals classified as poorly-skilled in visually judg-

kb rt o

ing the flight of a moving object in space; and

(3) Age, as represented by a sample of junior high, high school and

i college age males, has little or no effect upon the speed and
! § accuracy with which the individual judges the flight of a moving
; object in three-dimensional space. -

’é'g SUGGESTIONS FOR FURTHER STUDY

E 1. Data from the present investigation indicated that certain combin-
§ § ations of visual cues were more difficult to judge (interpret)

% g accurately than were certain others. 1f we are to enhance the

; degree of success experienced by the individual in learning and/
.é or performing certain gross motor skills, then we need to begin
to identify more specifically the kinds of visual cues involved
in the performance of such motor skills and to evaluate them in
terms of the kinds of demands which they place upon the sensori-

Z perceptual apparatus of the individual.

2, 1If the apparent differences in visuo~perceptual capacities of the

- highly-skilled and the poorly-skilled sports performer do exist,
it is important to establish whether or not such differences are

innate ones or if the 'potentially' unskilled individual can be

trained to use his visuo-perceptual apparatus more effectively
through properly planned and appropriately timed perceptual-motor

experiences,
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: 3. Evidence from the present study tended to support the notion that
! the growth of the visuo-perceptual mechanism of the individual
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was nearly complete by the age of twelve. This points to an ob-
vious need to outline the pattefh of growth of such capacities

in the young child and to develop new methods and techniques for

improving or enhancing the development of such capacities.
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APPENDIX A

SUBJECT INSTRUCTIONS

Instructions to the subject were as follows:

"We are going to shoot a number of tennis balls from the Tennis-Ball Boy
machine which you see here. {Gubject was shown the Tennis-Ball Boy machine.)
You will only be able to see a part of the flight of each of these balls.
(Subject and Experimenter walked back to starting point under the canvas.)
Based upon what you see, we want you to decide where you should go in order
to catch the ball as you might actch a fly ball if you were playing a game
of baseball. Once you have decided where to go, move to that spot, just as
though you were actually going to try to catch the ball. Attempt to catch
each ball at chest height with the body in an upright position and the arms
in close to the body. (Subjects were shown the catching position.) In other
words we don't want you to have to reach or stretch in any direction to catch
the ball but rather try to position yourself so that you are directly under
the ball when you catch it, Do you have any question?"

"You will start each trial from this same point under the canvas. You
may stand with either foot on the footpad. (Subject was shown footpad and
how to place his foot on it.) At the beginning of each trial, the Experimenter
will say 'Ready?' On this signal, you will step onto the footpad and shortly
thereafter, the ball will be projected from the machine."

"Stay as relaxed as you can. Watch each ball for as long as you need to
to make your decision about where to go to catch it., Try to make this decision
just as soon as you can. When you know or think you know where to go, move

quickly into position to catch the ball. Once you have reached your 'selected'
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spot, stay there until you are instructed to go back to your original starting
position." Now do you have any questions?"

1f the subject had questions, they were clarified. Three prctice trials,
using speeds and angles of projection not involved in the study, were then
given to each subject to be sure that the subject understood the nature of :

the task he was to perform. Again any questions which the subject had relating
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to the performance of the task were answered.
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LAFAYETTE DEPTH PERCEPTION APPARATUS*

Description

The apparatus consisted of two rods suspended within an enclosed wooden
framework. The adjustance rods could be moved back and forth by manipulating
a cord attached to the rod guides, The apparatus was lighted from within to
provide uniformly diffused illumination. A centimeter scale located on the
top of the apparatus provided the means by which the distance between the two

rods was measured.

Procedure

The subject, seated on a chair twenty feet from the depth perception
apparatus, was instructed to manipulate the cord until the two black rods
in the box appeared to him to be parallel to each other in space. The dis-
tance between the two rods was then measured in centimeters. A total of

three trials was given, The score was the mean of the three trials.

*Lafayette Instrument Co., Lafayette, Indiana
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OVERARM THROW FOR VELOCITY

The subject stands behind a starting line which is

50 feet from the

wall (a 30-foot distance was used for the junior high subjects). The subject

throws the softball at a wall which is marked horizontal

ly into one foot

areas. The time of the throw, from release to contact with the wall, and the

height of the wall contact are recorded for each trial.

From these data,

in addition to knowing the height of the subject, the velocity of the throw

is read from a table which was prepared by procedures described by Mortimer

(45). The total score for each subject was the average

Sample from Velocity Table

of four trials.

DIFFERENCE TIME ANGLE VELOCITY
IN HEIGHT* Seconds Degrees Feet/Sec

0 .80 18.93 39.64

0 .81 19.37 39.26

0 .82 19.81 38.88

-2 .66 9.47 46.08

-2 .68 10.26 44.83

3 .95 30.27 36.56

3 .96 30.70 36.34

3 .97 31.14 36.13

*Difference in height = difference between subject's height

and height of wall contact.

Canvas. The canvas was suspended from a series of large metal volleyball

standards placed at ten foot intervals along the length

of the canvas on

both sides. A system of roped and wire pulleys was devised to enable the

canvas to be pulled taut at the desired ten-foot height.
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Rotatory Platform. Heavy metal braces were placed on the underside of the

platform in such a way as to allow the machine to be rotated exactly five

degrees to the right and five degrees to the left.

An enlarged protractor was placed on the floor under the pivotal device

to confirm the accuracy of the placement of the metal brackets.
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71
69.
67.
67
67
65.
64.
62,
62.
62.

120.
115.
109,
108.
102.
101
100.
100.
100.
100.

110.
108.
106,
104.
103
102,

&

.26%

55
54

.23

77%
17%*
75
73%
23

68*
33*%
92
48%
91

.07

88«
38*
27

15%

32%
17%
79%
84%

42%

37

DISTRIBUTION OF AVERAGE OF FOUR TRIALS ON THE

62,
61
60
60
59
59.
58,
57.
57.
56.

100.
100.
99.
98.
96.
95.
9.
93.
93.
92

98.
95.
93.
87.
85.
85.

23

.04
45%
.02
.37

24
60
87
58
78

15
10*
62
68*
15
90
39
97
22

.63

11%*
86%*
12%
99
49
14

THROW FOR VELOCITY TEST

(Measured in feet per second)

JUNIOR HIGH

56.76% 53.44% 51.45
56.38 53.04 51.27
56.13 52.96 51.13
55.33 52.89 50.79
54.35 52,78 50.60
54.24 52.33 50.58
54.10 52.33 50.20
54.07 51.82 50.07
53.77 51.62%* 49,55
53.53 51.55 49.52

HIGH SCHOOL

91.57 87.65 82.22

91.46% 87.31 81.34
91.30 86,23 81.33
90.69 86.21 81.04
90.26 85.76 80.68
90,04 85.68 79.97
90.00 85.41 79.92
89.67 84.55 79.84
87.97 84.39 79.16
87.66 82.69 78.97
COLLEGE .
79.27 75.99 74.09
79.25 75.19 74.08
79.08 74,84 73.88
78.95 74.54 72.76
77.19 74.42 71.85
76.12 74,36 71.62

High-skilled category
Low-skilled category

49.51
49.04
47.97
47.60
47.39
47.23
46.51
46,21
45,40
45,32

.77.83

"76.21

75.77
75.31
74.35
73.88
72.75
72,45
72,15%%
71.68

71.28
70,64 %%
69.61
69.48
68.90
68.65

45,21
44.63
44,63
43.86
43.41
42.96%%
42,79
42.68
42,67
42,56%%

71.56
71.15
71.0€
71.03%*
69.96
68.93%*
68.75
67.65
64 .75%%
64.27

67.76%%*
66.94
65.50%%
65.40%*
65.33
65.15
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42.14

41,99%:
41.,65%
41,56%%
40,21 %%
39,76%%*
37.16

36.76%%
35.58

34 . 42%%

YRATT
61.90
56, 70%%
55, 39
53.53
52,98
52.85
52,84 %%
46, 37%%

61.60%:
59,627
51,06%*
45, 95%%
by, 11 %%
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INFORMATION SHEET 137

Name
Age

Do you play varsity baseball? Yes No

1f yes, what position?

Do you play any sports at the varsity level? Yes No

If Yes, which ones? List below.
a.
b.
c.
d.

e.

Do you or have you played softball or baseball in any organized form?
(Local or community leagues, etc.) Yes No

If yes, for how many years or seasons?

What position?

What sports or physical activities, if any, are you most active in?

iy g T
A I Qs

I gy o

TR N o U



| or b TOEK -GPSR SRR QAN AR TGO a3 0 #T s

138

CHARACTERISTICS OF SELECTED SUBJECTS

DEPTH AVE.
SUBJ, VISUAL PERCEP- VELO-
NO. AGE HEIGHT ACUITY TION CITY
0111 12 4'10" 20/20 -3.0 65.77
0211 13 5' 2" 20/40 3.6 67.14
0311 13 5! 2" 20/20 2.8 51.62
0411 13 5'11" 20/25 1.5 62.73
0511 13 5' 4" 20/20 1.6 64.17
0611 13 5¢' 2" 20/20 3.6 53.44
0711 13 5' 8" 20/20 1.6 56.76
0811 12 5! 5" 20/20 -4.6 71.26
0911 12 5' 4" 20/40 2.8 60.45
1012 13 5' 6" 20/20 1.8 41.65
1112 13 5!' Q" 20/25 1.8 34,42
1212 13 5' 6" 20/20 4.2 36.76
1312 13 6' 0" 20/25 3.5 41.99
1412 12 5' Q" 20/20 3.0 41.56
1512 13 5' 6" 20/20 3.7 39.76
1612 13 5' 1" 20/20 1.4 42,56
1712 12 4' 6" 20/25 .8 40.21
1812 13 5' 4" 20/20 1.9 42.96
1921 15 5' 8" 20/25 3.8 100.38
; 2021 16 5' 9" 20/20 2.0 100.10
; 2121 15 5' 7" 20/20 0 115.33
X 2221 15 5' 8" 20/20 3.8 98.68
: 2321 15 5' 7" 20/30 4.1 108.48
% 2421 16 5' 9 20/30 2.6 91.46
: 2521 15 6' 0" 20/25 2.2 120.68
: 2621 16 5' 9" 20/20 3.4 100.88
: 2721 16 5! 8" 20/25 1.2 100.15
: 2822 15 6' 1" 20/30 2.0 71.03
; 2922 15 5! 5" 20/40 3.5 72.15
: 3022 17 5! 8" 20/40 .8 52,84
; 3122 16 5' 7" 20/20 2.5 68.93
; 3222 15 5' 5" 20/20 4.9 64.75
: 3322 16 5' 8" 20/30 3.1 56.70
: 3422 16 5' 3" 20/40 1.7 46,37
£ 3522 16 5' 9" 20/30 2.1 55.39
i 3622 16 5' 6" 20/30 1.1 62.44
i 3731 20 5t 7 20/20 bob 95.86
y 3831 ‘ 19 6' O" 20/20 1.7 93.72
4 3931 20 5'11" 20/20 1.1 97.98
: 4031 21 6' 1" 20/20 3.5 104 .84
; 4131 19 6' 1" 20/20 1.8 103.42
4231 21 5'11" 20/20 3.5 98.11
4331 20 5'11" 20/20 .8 106.79
4431 19 5! 9" 20/20 2.4 108.17
4531 19 5' 8" 20/20 2.1 110.32
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SUBJ.
NO.

4632
4732
4832
4932
5032
5132
5232
5332
5432

CHARACTERISTICS OF SELECTED SUBJECTS (CONT'D)

AGE

19
20
18
18
18
19
18
19
18

HEIGHT

Sl 9"
6' 0"
6' OH
5'10"
5111"
6' 0"
5' 4"
5' 9"
6' 0"

VISUAL

ACUITY

20/20
20/20
20/20
20/20
20/20
20/20
20/20
20/20
20/20

DEPTH
PERCEP-
TION

HFNONPNOMNEWWN
O = Ul O
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AVE,
VELO~
CITY

65.50
51.06
67.76
70.64
65.15
44.11
65.40
59.62
45.95
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APPENDIX &

ORDER OF PRESENTATION OF EXPERIMENTAL CONDITIONS

Sub ject 0211 Subject 0311 Subject 0411

Sub ject 0111

S-L-L F-C-H
S-R-L F-R-H

S-L-H S-C-H

S-R-L S-L-L
F-C-H S-L-H

S-C-L S-R-H

F-L-L S-C-H

F-C-H S-L-H
S-L-H S-R-H
F-L-L F-L-H
S-L-H F-R-L
F-C-L S-L-H
S-R-L S-L-L
S-R-H F-C-H
S-C-L F-R-L

F-L-L S-L-H

S-C-H S-R-L
F-C-L F-R-L

S-R-L F-C-L
S-C-H S-L-L

F-C-H F-R-L

S-R-H F-L-H
S-C-H F-L-H

F-L-H S-L-L

S-C-L F-R-L

S-R-H F-C-L

F-R-H F-L-L

S-R-L S-C-H

F-L-L S-R-H

F-R-H S-R-L

S-L-L S-C-L

S-R-L F-R-H
F-C-H F-R-L

F-L-L S-R-L

S-R-L S-C-H

S-L-L F-C-H
F-R-1L. F-R-H

S-L-H S-C-L

S-L-H S-L-L

S-R-H S-L-L

S-R-L F-R-H
F-C-L F-L-L
F-C-L F-C-H
S-C-H S-R-H
S-R-H F-R-H
F-L-H F-L-H

F-R-L S-C-H

S-L-L F-C-H

F-R-H S-R-H

F-L-H S-L-H

S-C-L S-C-L

S-L-H S-C-L

S-C-L F-R-L

F-L-L S-R-L

S-C-L F-C-H

F-C-H S-R-H

F-L-L F-C-L

F-C-H F-R-L
S-C-L S=-R-H

S-L-H S-C-L

S-R-H F-L-H
F-C-L F-L-L

F-R-L S-C-L

S-R-L F-C-H
S-C-H S-C-H

F-C-L S-L-H

F-L-H F-L-L

F-C-L F-R-L

S-R-H F-C-L

F-L-H F-R-L
F-C-H F-L-L
S-L-L F-R-H
S-L-L S-L-L

F-C-H F-C-L

S-R-H S-R-H F-R-L S-R-H

F-L-H S-L-H

F-C-H S-R-L

F-L-H F-C-H

F-R-L F-R-L
F-C-L S-C-L

S-C-L F-L-L

S-L-H F-C-L

F-L-L F-R-L
S-C-H F-C-L
S-L-L F-R-L

F-R-H S-L-H
F-R-H S-R-L

F-L-H S-L-L

F-C-L S-~L-L

S-L-L F-R-H

F-L-H F-L-H

S-L-L S-C-L

S-C-H F-R-L
S-C-L S-R-L

F-R-L F-C-H

S-R-L S-C-H

S-C-H F-L-H
S-C-L F-C-H

F-L-L S-R-L

S-L-L S-L-H
S-L-H F-R-H

S=-L-H S-L-L

S-C-H F-R-H

S-R-L S-L-H
S-C-L F-R-H

F-R-H S-L-H

S-R-L S-L-L

S-C-L F-R-H

F-R-L S-L-L

S-L-L S-L-L
F-R-H S-C-H

S-C-L S-R-L

S-R~H F=-C-L

F-R-L F-R-H

F-L-L F-C-L

F-L-H F-L-H

S-L-L S-L-L

F-C-H F-C~-H

S-C-H S-C-L

S-L-L F-L-H
F-C-L F-R-H
F-C-L S-R-L
S-C-H S-R-H

S-L-H S-C-H

F-L-H F-R-H

F-R-H S-C-L

F-L-L F-R-H
S-C-H F-R-L

S-L-H S-L-H

F-R-L S-R-L

F-C-H F-C-L

F-R-L F-R-H
S-R-H F-L-H
F-C-L F-L-H

F-L-L S-C-H

F-C-L S-R-L

S-R-H F-L-L

F-L-H F-L-H

S-C-H S-R-H

F-R-H F-L-L

S-R-H S-R~-H

S-R-H S-C-H

F-R-L F-R-H

S-L-H F-C-L

F-R-L F-L-H

F-R-H S-C-H

F-C-L F-C-H

F-L-H S-R-L

S-C-L F-R-L
S-C-H F-R-L
S-L-H F-C-H

F-R-H F-C-L-

F-L-H F-C-L

F-L-L S-C-L

S=-R-L F-L-L

F-R-L F-C-L

F-C-H S-R-H

F-R-H S-~C-L

F-R-L F-C-H

S-C-L S-L-H
S-R-H S-R-H

F-L-H S-L-H

F-C-H F-L-H

F-R-H S~L-L

S-R-L F-C-H

S-L-L S-C-H

S=-R-L F-L-L
S-L-L S-R-H

S-L-L S-C-H

S-L-IL. S-R-L

S-C-L F-L-H

F-C-H S-R-L

S-R-H F-L-L

S-L-H F-L-H

F-L-L S-C-H
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F-R-L S-R-H

F-C-L S-R-L
S-L-H F-L-L

S-L-H F-L-H
S-L-H S-R-H
S-C-L S-L-L

S-R-H S-R-H
F-C-H S-L-L

S-C-L S-R-H

F-R-L S-R-H
F-R-L F-C-H

F-L-1L F-L-L
S-C-L F-L-L
F-R-H S-R-H

S-L-L F-L-H
F-R-L F-L-H

S-L-H S-R-L

F-C-L S-R-H
F-C-1L F-L-L

F-L-H S-C-L

e

F-C-H S-R-H

S-C-H S-R-H

F-R-H F-L-L

F-R-L S-L-L

S-C-H S-R-H F-L-H S-R-H
F-R-H F-L-L

F-R-H S-R-L

F-C-L F-C-L

F-C-L F-C-H

S-L-H S-C-H

F-C-H S-L-L

Subject 1012 Subject 1112 Subject 1212

Sub ject 0911

F-R-H F-C-L F-R-I, S-R-L S-R-L S-C-L

S-C-L S-C-H

S-L-H S-C-H

F-C-H F-C-H

F-R-1. F-C-H

S-C-L

F-L-H
S-R-L S-C-H

S-L-L S-L-H

F-R-H F-R-L

F-C-H F-R-H

S-L-L S-L-L

S-R-L F-C-H

S-L-L S-C-H
F-R-L S-R-L

F-R-H F-C-L

S-R-L S-R-L

F-L-L F-R-H
S-R-H F-R-L
F-C-H F-L-L
S-C-L F-R-L
F-R-L F-R-H
F-R-H S-L-H

F-C-L S-R-L

F-L-L S-R-L

F-C-L S-L-H
F-L-L F-R-H

F-R-H S-L-L

F-R-L F-C-L

S-C-H S-C-L

S-C-L S-L-L
S-C-L F-C-L
S-L-H F-C-H

F-R-L F-C-H

F-R-L F-C-L

S-R-L F-R-L

F-C-H S-C-L

F-C-H S-R-L

S-C-L S-R-H

F-L-L S-C-H

S-L-H S-R-L

F-L-L S-R-L
S-L-L S-L-H
S-L-H F-R-H

F-L-H F-R-L

S-C-H S-R-L

F-L-H S-L-H

S-R-H F-C-L

S-C-H F-C-L

F-L-H S-L-L

F-R-L F-L-H

F-R-H F-L-L

F-L-H S-C-H

F-L-H F-C-L

F-C-L S-C-L

F-L-L F-L-H

F-C-L S-C-H

S-L-H F-L-L
S-C-L S-L-H
S-C-L F-R-H

S-C-H S=-C-H
F-C-L F-L-L

F-R-H F-C-L

F-R-L F-R-H
S-L-L S-L-L

S-R-H F-R-H

S-R-H S-C-H

F-L-H F-R-H
S-C-H S-L-L

S-R-H S-C-L

S-R-L S-C-H

S-C-L S-R-L
F-L-H S-C-H
S-L-L

F-C-H F-L-H
S-L-L F-C-L
S-C-H S-L-L
S-L-H F-L-L
S-C-L S-L-H

S-R-L S-C-H

r=-C-L

S-L-H F-C-L

F-R-L S-L-H
F-R-H

S-R-H F-C-L

F-L-L S-L-L

F-C-H

S-R-L S-C-L

S-R-L S-C-H

S-L-H F-L-H

S-L-H F-C-L

F-R-L S-C-H

F-R-H S-R-H

S-C-H S-C-L

F-C-L F-L-H
S-R-H F-L-H
F-C-L S-R-H

F-L-H S-C-L

S-L-H S-L-L

S-2-L F=R-L

S-R-H
S-C-L

F-R-H F-L-H
S-L-L S-L-L

S-C-L S-C-L

F-L-H

F-L-L S-L-H

F=-R-L

S-C-L S-C-L
S-R-L F-C-L

F-L-H F-C-H

S-C-H S-C-L

S-C-H S-~L-L

F-L-H S-L-H

F-R-H S-C-L

F-C-H S-L-L

S-L-L F-C-H

S-L-H S-R-L

F-C-H F-L-L

S-L-H S-L-H

-L S-L-L

S-L-L S-C-H
S-L-H S-R-H
F-C-H

F=-

F-R-L F-C-L

S-C-H S-R-L

S-L-H S-C-H

F-L-H F-R-H
S-C-L F=-R-L

F-C-L S-C-L

S-L-L F-C-H
F-C-L F-R-H
S-C-L F-L-H
F-C-H F-R-L

r=R-H

S-L-H S-~L-H

S-R-H S-R-L

F-C-H F-C-H

F-L-L S-L-H

S-R-L F-R-H
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ORDER OF PRESENTATION OF EXPERIMENTAL CONDITIONS (CONT'D)

Sub ject 1012 Subject 1112 Subject 1212

Sub ject 0911

§-C-L F-L-H
F-L-L F-C-H
F-R-H F-R-H
F-C-L F-L-L
S-L-L F-C~-H
F-R-L S-L-H
F-C-H S-R-H

F-L-1, F-C-L

F-L-L S-R-L

S-C-H F-R-L
F-R-H F-L-H

F-R-L F-C-H

S-R-H S-R-H

F-C-L S-C-L

t

F-C-L F-C-H S-C-H S-C-L

F-R-H F-C-H

F-R-H S-C-H

S-R-L F-C-H

F-1L-L F-C-H
F-L-H F-C-L

F-L-L S-L-L
S-L-L F-L-L

S-R-H F-L-L

F-L-H F-L-L
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F-L-H F-C-H

S-R-H S-L-L

F-R-L S-R-H

F-R-H S-L-L

Sub ject 1412 Subject 1512 Subject 1612

Sub ject 1312

S-R-H F-R-L
S-C-L S-C-H
F-R-L F-R-H
F-C-L F-R-H
F-L-L F-L-L

S-L-L

S-R-H F-L-H
F-C-L S-L-L
F-R-L F-R-H
F-C-H F-R-L

F-R-L S-R-L

F-R-L S-L-H

F-R-L S-C-H

F-L-H S-C-L

F-R-H F-C-H

F-R-H S-C-L

S-C-L S-R-H

F-L-H S-L-H

F-L-H S-C-L

S-R-L

F-L-L F-C-H

F-R-H S-L-L

S-L-L F-R-L
F-L-H S-R-H
S-C-L F-C-L
F-R-L S-R-~L

S-R-H F-C-L

S-C-H S-L-L
F-C-H F-C-H

F-L-H S-R-H

S-L-H F-R-L

F-L-L S-L-H
S-L-H S-~L-H
F-C-L S-C-H
S-C-L F-R-H

F-L-H S-L-L

S~L-L S~R-L

S-R-H S-L-H

F-R-H S-L-H

S-C-H F-L-H

F-R-L S-L-L

S-R-L F-R-H
S-L-L S-L-L

F-R-H F-R-H
F-C-L S-R-L

F-R-H F-L-L

S-R-H S-L-H

S-R-L F-R-H

R-L S~C-H

e

S-C-H F-L-L
S-L-L S-C-H
S-C-H S-L-L
S-R-H F-R-L

S-L-H S-L-L

F-L-H F-L-H

F-L-L S~C-L

S-L-L F-C-H

F-C-H S-C-H

F-R-L F-R-L

F-R-H S-L-L

S-C-H F-L-H
S-L-H S-R-H
F-R-L. F-C-H
S-C-L F-R-H

F-R-H F-L-H

S-C-H F-R-L
S-R-L S=R-H

F-R-H S-C-L

S-R-L S-R-L

v T RS e

F-C-L S-C-H

S=-C-H S-L~L

F-C-H F-R-L

S-R-L F-L-H

F-L~-H S-C-L

S-L-L S-R-H
S-L.~-L F-R-L

F-C-H F-C-L

S-C-H S-C-L
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ORDER OF PRESENTATION OF EXPERIMENTAL CONDITIONS (CONT'D)
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ORDER OF PRESENTATION OF EXPERIMENTAL CONDITIONS (CONT'D)
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ORDER OF PRESENTATION OF EXPERIMENTAL CONDITIONS (CONT'D)
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01J1 SCH
01JH SLL
01JH SLH
01Ju FRL
01JH FRH
01JH FCL
01JH FCH
01JH FLL
01JH FLH
02JH SRL
02JH SRH
02J1 SCL
02JH SCH
02JH SLL
02JH SLH
02JH FRL
02JH FRH
02JH FCL
02J4 FCH
02JH FLL
02JH FLH
03JH SRL
G3JH SRH
03J1 SCL
¢3J1 SCH
03JH SLL
03JH SLH
G3JH FRL
03JH FRH
03JH FCL
03JH FCH
03JH FLL
C3JH FLH
0431 SRL
04JH SRH
04JH SCL
C4JH SCH
0431 SLL
C4JH SLH
04JH FRL
C4JH FRH
04JH FCL

1

.90
.90
.73
.75
.54
44
.86
.52
.50
.52
.45
.46
.37
.30
.49
.50
.72
.40
.39
.34
.35
.46
.36
4l
.20
.22
.32
.39
.36
.34
.23
.25
.39
.43
.34
.43
.39
.39
.38
44
.32
.37
.32
.36
.50

RAW SCORES~-REACTION TIME

.99
.96
.71
.51
.40
.63
.34
.39
.49
«52
.52
.33
.30
.33
47
.29
.72
.59
.29
.37
.38
.52
.33
.35
27
.24
40
.28
.27
.27
.32
.31
.28
.21
.29
.22
.33
.31
.33
42
.30
.27
.32
.32
.43

3

.81
.62
71
.95
.40
.45
.31
.37
.43
.43
.43
.40
.29
.28
45
.51
.65
.31
.37
.29
.40
.32
.27
.26
.35
.33
.31
.52
.27
.29
.30
b4
.30
.30
.38
.31
.33
.36
.35
.36
.23
.29
41
.26
.36

TRIALS
4

.63
.45
.32
43
.64
e35
.37
.28
.39
.52
.48
.40
.26
.22
.40
.33
42
.30
.30
.29
.33
.28
.24
.31
.28
.24
.30
.35
.27
.30
.31
.35
.31
.32
.38
.29
.36
.34
.32
.34
.28
.27
.36
.27
.32

.63
41
47
.39
47
.45
.31
.21
.32
42
.25
.42
.22
.25
.31
.56
45
.37
.34
.26
.40
.25
.35
.37
.24
.22
.22
.25
.26
.22
.37
.34
.29
.36
.45
.35
.38
.36
.23
.37
.25
.27
.33
.24
.21

.64
45
.37
.74
.39
.59
.39
.31
.61
.22
.30
.40
.29
.21
.37
.41
.33
.49
.32
.31
.40
.25
.22
.24
.33
22
.23
. 54
.30
.30
.38
.36
.28
.35
.22
.29
.37
.34
«22
.38
.27
.27
.35
.25
.24

155

7 8
.72 .76
44 45
A7 47
.35 .59
.40 .49
.31 .31
.37 .36
.22 .32
.49 .46
.33 42
.32 .39
43 .40
.22 .28
.20 .25
.20 .38
.53 45
.72 « 57
.35 .40
.35 34
.22 .29
.35 .37
.24 .33
.33 .30
.31 .32
.28 .26
.22 .26
.29 .30
.23 .25
.26 .20
.40 .31
.20 .37
.37 .35
.29 .31
.37 .22
.46 .45
.24 22
.33 .38
.21 .40
.36 .34
.39 .24
.29 .27
.22 .21
.37 .39
.21 .22
.24 .24

Mo e n el e s o SR i



PRk e
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SUBJECT

IDENTI- CONDI-

FICATION TION
04JH FCH
04JH FLL
04JH FLH
05JH SRL
05JH SRH
05JH SCL
05JH SCH
05JH SLL
05JH SLH
05JH FRL
05JH FRH
05JH FCL
05JH FCH
05JH FLL
05JH FLH
06JH SRL
06JH SRH
06JH SCL
06JH SCH
06JH SLL
06JH SLH
06JH FRL
06JH FRH
06JH FCL
06JH FCH
06JH FLL
06JH FLH
07JH SRL
07JH SRH
07JH SCL
07JH SCH
07JH SLL
07JH SLH
07JH FRL
07JH FRH
07JH FCL
07JH FCH
07JH FLL
07JH FLH
08JH SRL
08JH SRH
08JH SCL
038JH SCH
08JH SLL
08JH SLH
03JH FRL
08JH FRH

1

47
.36
.39
.30
.28
49
b4
.30
.36
.31

.28
4l
.33
.32
.29
.22
.32
.36
.40
.27
.32
$22
.28
.46
b4
.29
.22
.83
.48
.50
Y
42
.43
.46
.40
.38
.32
.28
.32
.88
.82
.31
.57
.43
b
.81
.75

RAW SCORES~-REACTION TIME

.38
.31
.25
.37
.21
.53
.26
.27
.28
.34

.30
.39
.38
.30
.26
.63
.28
.32
.40
.27
.37
.29
.29
45
.26
.21
.29
.80
.75
.72
. 54
.27
.79
.82
.52
.62
.26
.32
.34
48
.80
.39
.62
.31
.58
.75
.81

4l
24
.28
.50
.19
.52
.28
.26
.31
.29

.33
.36
.27
.23
.23
. 54
.27
.48
.43
47
.33
«25
.29
4l
.27
.32
.31
.78
.71
.61
.57
.48
.70
.71
.40
43
.36
.32
.32
.68
.83
.39
.68
.38
.52
.75
.73

.31
.27
.28
.35
.27
.49
.32
.27
.34
.53

.27
.33
.35
. 34
.26
44
.30
47
47
.20
.32
.20
.21
.38
.26
.29
.32
.63
.79
.61
.64
.27
.76
.81
.33
.60
49
.22
.29
.67
.89
.30
.68
.46
.52
.79
.73

TRIALS
5

.22
.21
.23
.38
.20
.40
.27
.25
.36
.35

.25
.34
.30
.31
.21
.60
.36
.31
.30
.21
.22
.21
.38
.32
.30
.25
.22
.72
.71
.66
.64
.49
.74
75
.36
.48
.30
4l
.27
.67
.87
.37
.73
.45
.58
.72
.63

.25
.25
.27
.37
.20
.48
.26
.26
.33

.31
.24
.33
.31
.30
.21
.57
.45
Aty
.37
.21
.26
.22
.25
.37
.29
.26
.28
.88
.75
.59
.52
.57
.73
.69
.39
45
.40
.33
.33
71
.80
.64
.67
43
.56
71
.72

.21
.23
.26
.34
.23
43
.26
.21
.38

.39
.29
.36
.31
.35
.21
.50
.21
.40
43
.27
.29
.35
.33
.38
.25
.26
«22
77
.78
.62
.57
.60
.70
.70
48
41
.39
.30
.32
.72
.82
.39
77
.30
.51
.73
77

.20
.29
.28
.39
.23
.48
.31
.26
.34

.36
.27
.36
.31
.31
.23
.50
.31
.36
.40
.27
.30
.25
.29
.40
.29
.27
.26
.73
.74
.58
.51
.73
.76
.74
.33
47
.40
.39
.35
.63
.84
.36
.70
.38
.51
.75
.72
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SUB=-
JECT
ID

08JH
08JH
08JH
08JH
09JH
09Ju
09JH
09JH
09JH
09JH
09JH
09Ju
09Ju
09JH
09J1
09Ju
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
11JL
11JL
11JL
11JL
11JL%
11JL
11JL
11JL
11JL
11JL
11JL
11JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL

CONDI-
TION

FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH

1

47
.71
.36
.32
.71
.68
.42
.69
.40
.34
42
.31
.52
.45
.37
.31
.86
.70
.87
.80
.50
42
.52
.60
44
.51
.49
.51
.98
1.07
.87
.85
.67
.58
.98
.72
.72
.0
.62
.86
.35
.75
.65
.71
<39
47
.82
.90

RAW SCORES~-REACTION TIME (CONT'D)

.60
.53
.37
.37
.81
.69
.63
.74
.33
.32
.68
.36
.50
.39
.32
.33
.59
.72
.61
.59
.46
.43
.32
.37
.52
.56
.45
.45
.85

.83
.85
.54
.84
9%
.92
.85
.75
.37
.51
.99
.94
.64

.60
.61
1.00
.96

47
.56
.30
.30
o 78
.61
.67
.77
.33
.25
.68
46
.63
A7
.36
.35
.29
.32
77
.80
.39
44
.67
.38
48
.32
.34
A2
1.19
1.04
.93
1.03
.60
.76
1.19
.92
.96
.73
.72
.59
1.33
.91
1.19
.88
.56
48
.86
1.04

.40
.57
.37
.34
.68
.50
41
.79
.34
.20
«35
.40
¢35
.40
.23
.24
.49
.12
.13
.18
.19
47
.45
.13
.48
.21
.22
43
.88
1.04
.87
.82
.62
.93
.93
.92
.87
.90
.39
.38
1.44
.75
4l
.82
.50
.55
.48
.79

TRIALS

5

47
.56
.23
.28
.62
.60
.51
.70
.23
.25
.62
.39
.51
.37
.21
.25
46
.39
.59
.53
.35
40
.50
.28
43
.33
.29
42
.90
.67
.67
.87
.60
.86
.83
.97
.85

.29

.37
.75

.40

.76
.46
.59
.46
.55
.65
.63

.45
.50
.29
.27
.68
.60
.ol
72
.30
.27
.62
.40
.55
.38
.29
.30
.36
.11
.48
.51
.25
.40
.58
.11
.40
.36
.28
.34
.60
.58
.83
.55
.41
.84
.96
.76
.79
.75
.34
.51
1.46
.87
.51
.95
.32
.70
.71
.73

47
.54
.22
.32
.64
.52
.49
.62
.30
.35
.67
42
.55
.30
.29
.26
.24
.12
.57
.25
.27
34
.53
.25
.43
.22
.21
b4
.72
.77
.75
.69
.36
.88
.89
.65
.85
.63
47
.54
1.32
.69
.35
.86
44
.52
.83
.76

157

4l
.54
.24
.26
.55
.57
.54
.72
.22
.27
47
.32
.56
-30
.32
.31
.40
.35
.72
.62
.39
.21
.19
.14
.19
.35
.27
.37
.69
.81
.76
77
.33
.60
.98
1.00
.74
.75
.37
.60
1.39
.76
.4
.87
.58
¢35
.84
.79
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SUB-
JECT
ID

12JL
12JL
12JL
12JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
i3JL
13JL
13JL
13JL
13JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL

CONDI-
TION

FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH

1

47
.56
.57
.54
.85
.87
.35
.86
.39
.39
.95
.76
X
.39
.54
.56
.37
.38
.61
.69
.54
.49
.93
.79
.40
.38
.38
1.01
.81
.86
.81
.48
.46
.50
.67
.26
.63
.40
.28
.54
.39
.80
.33
.71
.50
.49
.65
.33

RAW SCORES--REACTION TIME (CONT'D)

.72
.46
¢33
40
.87

.58
.88
.53
.33
.9
.79
¢33
.60
47
.37
.39
1.06
.27
.72
.61
.51
.87
.88
A4l
.46
.35
.48
.80
.76
.36
.32
.48
42
.36
.64
.35
.49
.ol
.37
.85
.40
.86
.25
.48
.21
.66
.39

41
.98
.50
.55
.86
.97
.71
.97
45
.51
.83
.92
.58
.59
.55
.55
47
.81
.64
.56
.51
.51
.87
.83
.95
.40
L4l
.51
.79
.87
.39
.57
.29
.50
.68
4
.27
.61
b
.67
.63
.67
.74
.31
.48
.38
.59
.41

TRIALS
4

.40
.79
.57
.48
1.05
.82
1.08
.86
.52
42
1.11
.46
.51
.34
F)
.57
.ol
.27
.31
1.00
.37
.33
.51
.72
.31
.39
.38
.39
.24
.33
.45
.49
45
E)
.19
.26
.21
.36
.67
.37
.40
.63
.33
.70
.48
.35
.68
.30

.56
. S4
.39
.25
.83
.88
.36
.61
.30
.38
91
.73
.30
.34
.66
.56
.27
.72
.29
.63
.33
.30
.81
.79
.54
.33
.71
.59
.84
.89
.58
.46
.71
.68
.31
.20
.50
.32
.39
.30
.66
.50
.40
.56
A
.28
.66
.37

42
.54
.27
.85
.80
.32
.33
.60
.33
.33
.82
.78
.56
4l
.31
.29
.36
.32
.29
.75
.32
.39
.83
o735
47
.36
.34
.58
.81
.75
.39
.37
45
.56
.31
e25
.39
.37
.50
.38
.61
.74
.49
.65
.31
.26
.63
.34

.69
.40
.46
.46
.84
.88
.65
.93
.35
.35
.35
.60
42
.32
.32
.24
.36
.27
.23
.79
.27
A4l
.78
.59
.26
.30
.38
.66
.87
.78
.25
.40
.79
.92
.29
.22
.34
.28
.78
.59
.33
.82
.67
.69
.38
.22
.60
.35

158

.46
.56
.57
.50
.78
.81
.32
.24
.34
.37
.99
.92
.37
.37
.53
47
.23
.30
.35
.89
.29
.37
.77
.76
.49
.40
.29
.50
.86
.75
.31
.28
.49
71
.21
.20
.37
.37
.49
.38
.67
74
.48
.65
4l
.25
.64
.36
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SUB-
JECT
ID

16JL
16JL
16JL
16JL
17JL
173L
17JL
17JL
17JL
173L
173L
173L
17JL
17JL
17JL
17JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
19HH
19HH
19HH
19HH
19HH
19EH
19HH
19HH
19HH
19HH
19HH
19HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH

CONDI~
TION

FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL

1

.41
.42
.27
¢35
¢35
.33
48
.49
.38
.45
.39
.70
44
.40
.54
<36
.54
.64
.38
41
A4l
.35
.33
.63
41
.32
.38
.33
.40
.81
.30
.46
.45
.39
.68
.29
.71
43
.30
.35
.72
.61
.35
.45
.71
.23
47
.40
.40
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.55
.43
.40
.46
.56
Y
.45
Y
.33
44
.43
.61
.51
42
¢35
.32
.38
.36
.35
.40
.36
.32
.29
.75
.40
.29
.39
.40
.43
.45
.40
.55
.34
.34
.28
.43
.35
.38
.28
.36
.57
.65
.33
42
.33
.37
42
.45
.30

44
.43
.38
.49
.88
.66
.52
.33
.50
.39
.33
.77
42
4l
.51
.51
42
.37
.46
.36
.33
.34
.25
.80
42
.32
.38
«39
45
.46
.34
.34
.32
.30
.31
.39
.32
.37
.27
.28
.67
.59
.58
.37
.37
.28
. 64
.38
.30

TRIALS

4 5 6 7 8
.40 .38 .38 .38 .39
.54 .48 .51 .52 .46
.38 .35 .34 .38 .39
.45 .40 .46 .48 47
.57 .45 .71 .27 .35
.66 .34 .51 .43 .43
.60 ¥ .55 42 .46
.50 .38 .40 .46 .43
.58 .33 .35 .37 .35
b 41 .46 42 .48
.31 48 .24 .27 .20
.71 .76 .59 .70 74

A4 .33 .43 .57 .30
.45 4b .35 .34 42

.61 .54 .56 .57 .54
.37 .32 .32 .38 .30
.49 .36 .33 .27 .32
.30 .37 .27 .31 .29
.54 .32 41 .51 .34
.40 .27 .37 .20 45
.39 .23 .24 b .23
.34 .50 .23 .33 .32
.50 .27 .25 43 .26
.87 .40 .70 77 .72
.33 .27 .38 .48 .38
42 .33 .32 .27 .28
.38 .34 b 46 A
.34 .40 A .30 .49
.80 .71 .74 .61 .71
.15 .23 .23 .36 17
.18 .36 .56 .33 .18
.21 .59 .51 W41 .19
.20 .15 .17 .26 .16
.20 .21 .20 .27 .22
.32 .25 .22 .33 .28
.21 .22 .21 .29 .27
.25 .22 .20 .33 .25
.30 .23 .24 .31 .21
.24 .19 .18 .24 .20
.16 .15 .18 .24 .18
.62 .57 .57 .58 .61
.65 .60 .57 .62 .61
.30 .60 .65 .64 49
.59 .46 .33 .33 .38
.27 .23 .84 .38 .48
.24 .31 77 .22 .35
.33 .59 48 42 .48
41 .55 .46 .62 47
.32 .33 .37 .38 .34
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SUB~
JECT
ID

20HH
20HH
20HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
22HH
22HH
22KH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH

CONDI-
TION

FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL

1

.38
.33
.26
.54
.67
.36
41
.23
.30
.51
.34
.34
.24
.27
.23
.71
.50
47
.37
.33
.31
.65
.40
.45
42
.36
.20
.26
.36
. 54
.31
.27
.40
.34
.25
.32
.27
.22
.31
.34
.26
e35
.33
.26
.33
.35
24
.31

RAW SCORES-~REACTION TIME (CONT'D)

.34
.23
.26
.69
.62
.32
.17
.20
.23
45
.33
.29
.23
.24
«25
.67
.72
.37
.46
.26
.36
.64
.37
.37
.31
. 34
.39
.75
.71
.27
.29
.25
.30
44
.28
.45
.25
.25
.27
.29
.63
.49
.49
.40
.46
.27
.29
42

44
.22
.31
.49
.18
.25
.43
.17
.29
41
.31
.33
.22
.27
.26
.71
.30
.50
.00
.33
.25
. 54
.23
.34
.25
.26
.30
.30
.38
.35
.25
.24
.30
.32
.25
.29
.25
.23
.28
.34
.84
.50
.36
oAb
.51
.26
.30
.39

.36
.35
.39
.67
.34
.26
.32
.20
.20
.35
.25
.34
.18
.23
.26
.56
.51
.28
.19
.37
.31
42
.15
.11
.16
14
.23
.25
47
.45
.26
.27
.34
.22
.22
025
.32
.30
.32
.34
.89
44
.79
.29
.33
.31
.34
.60

TRIALS
5

.32
.27
.29
.70
35
.40
.43
.21
.20
.62
.25
.25
.28
.22
.19
.67
.61
.21
.11
.19
.22
.19
.19
.11
.18
.22
.08
.17
.23
.20
.21
.22
.28
.50
.26
.23
.23
.25
.27
.32
.55
49
22
.29
44
.24
.36
.40

.31
.24
.36
.37
4l
.57
.30
.25
.20
.62
.23
.31
.27
.23
.23
77
.33
.57
.17
.23
.25
.24
.18
.24
.12
.16
.09
17
.20
.24
.24
.25
.29
.27
.26
.26
.25
.25
.26
.20
.54
.89

.80

43
.56
.29
.26
.49

.35
.24
.29
.62
.25
.48
.12
.22
.24
.35
.23
.22
.24
.21
.19
.58
.09
.18
41
.22
14
41
.19
.23
.24
.12
.16
.23
.20
52
.20
.25
.20
.23
.20
.27
.22
.19
.25
.28
.76
.36
.46
.65
.45
.25
.26
+33

b O AR e

<36
.27
.31
.27
. 24
.26
.18
.23
.21
.28
.28
.30
.23
.24
.25
.66
.60
.38
«39
.13
.15
.27
.24
.17
.26
.13
.15
27
47
.20
.24
.17
.26
.24
.31
.22
.20
.18
.28
.22
.58
43
.48
.45
.39
.20
.28
.40
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SUB-
JECT
ID

24HH
24HH
24HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL

CONDI~
TION

FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL

1

42
.32
.31
.77
.92
.73
.66
.50
.63
.35
.50
.53
.71
.52
42
.26
.35
Ah
.32
.50
.57
.36
.37
.53
.30
.27
.34
.27
.29
.30
.25
.25
.30
.39 -
.25
.32
24
.31
.23
.65
1.03
.66
.39
.38
.28
.16
.40

. e

42

RAW SCORES--REACTION TIME (CONT'D)

.34
.36
.31
.67
.61
.56
47
.37
.40
.29
.37
.52
A4l
.39
.39
.33
.35
.33
.49
.63
.39
.26
.33
.27
.28
42
.22
.87
.28
.22
.20
.23
.27
4b
.49
.25
.25
.30
.24
.62
A
A
.92
.32
A4
.79
.39
.62

b
.30
.33
.67
.73
.54
.62
.38

.50

.29
.37
.39

.52

.40

.37

.33
035
.49
.37
.49
.58

.28

.23

.50

.33
.21
.30

.35
.51
.26

.23
.22
.23
.21

.21

.30
.22
.27
.18
.55
.71
.33
.61
.57
.32
.75
.83
.49

TRIALS

4 5 6 7 8

.33 .31 .32 .32 .25
.29 .31 .40 .46 47
.30 .27 .40 .28 .28
.59 .36 .25 .30 .52
.35 .30 .84 .63 .49
bb .52 .38 .68 .56
.59 .33 .32 .27 47
.33 .21 .21 .22 .32
43 .26 .37 .33 .28
.26 .26 .28 27 .35
.42 .38 .32 .33 .27
.61 .64 .51 .31 .50
.30 .37 .27 .23 .29
4l .39 .30 .37 .34
.57 .29 .37 .29 .24
.22 .22 .23 .30 .27
.31 .26 .25 .23 .70
.34 .20 .36 46 .38
46 .20 .28 .22 .25
.71 .22 .30 .32 .59
.40 .23 .26 .27 .30
.30 .18 .20 .26 .27
.25 .21 .29 .20 .24
.17 .31 .29 .33 .21
.21 .31 .23 .25 .27
.23 .21 .25 .30 .27
.23 .28 .33 .26 .28
.26 .35 .36 .22 .23
49 .20 .15 .21 .19
.15 .18 .19 .14 .21
.21 .23 .23 .18 .30
.13 .19 .20 .19 .19
.24 .56 .54 .25 .34
.16 .25 .22 .18 .16
.15 .23 .17 .25 .25
.24 .22 .18 .23 .25
.20 .23 .19 .22 .22
.24 .20 .18 .23 .25
.20 .18 .13 .19 .19
.43 .31 .29 .25 .33
.39 .29 .25 .20 .21
47 .23 .63 .35 .40
.46 .70 .46 .59 .72
4l .60 .80 .61 .87
.31 .64 .30 . .33 .71
.24 .20 .37 .19 .28
.56 .20 .25 .29 .19
.34 .28 .39 .60 .81

IR =7 ST, SO P P
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SUB-
JECT
ID

28HL
28HL
28HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL

CONDI-
TION

FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH

1

.35
.22
.30
.64
.88
.35
.39
.46
.32
1,00
.78
.67
.50
49
.40
1.04
.65
A4b
91
.90
.38
.85
91
1.03
.58
.33
.30
.39
.48
.35
.80
.78
«73
.28
.30
Y
46
.53
42
9%
1.19
.62
.58
.36
.67
.83
.60
.37
.33

RAW SCORES--REACTION TIME (CONT'D)

.32
.34
.40
72
.82
.66
.62
.52
.98
.75
1.09
.60
.53
.37
Jb
1.19
1.00
.86
.51
.28
A
.62
.92
A4l
.53
42
.28
<34
46
.59
43
.73
47
.39
42
.73
.40
.65
.23
.78
.75
.39
.59
.34
.38
.67
.51
YA
.49

«52
.36
.43
.72
.78
.65
.71
.49
.54
.71
.95
.62
.58
.36
.56
.82
.68
.70
.ol
.35
91
.76
$32
¢33
.30
.35
.37
«25
.49
.68
.43
72
.80
.35
.34
.67
.35
.51
.25
.79
.81
b
.52
.52
.37
.60
.97
A4l
47

TRIALS

4 5

45 .70
.60 .69
.32 .25
.70 .66
.75 72
.69 .65
.69 .67
.31 42
46 .52
.72 .69
.65 .81
Y .60
.56 .60
.43 .30
.40 42
.68 .85
.38 .65
.46 .27
.28 .21
.38 .25
.35 .23
.64 .67
.59 .74
.32 .29
.30 .22
24 .29
.33 .20
.26 .27
43 .23
.36 .25
.65 .26
. 54 .45
.30 .54
.35 .24
.25 .21
.29 .26
.29 .39
.29 .24
24 .35
.56 .73
.52 .69
.29 .53
.82 47
.36 .25
.33 .34
.64 .61
54 .35
49 .40
Ah b

.58
.69
.81
.84
.55
.56
.60
A4l
.33
.68
.68
.53
.54
.36
A4l
.68
.27
.28
.25
.16
.27
.72
A4b
.24
.35
.22
.25
.25
.23
.20
.26
.55
.64
.20
.28
.23
.25
.43
.43
.58
.48
.38
.51
.30
.24
.73
.56
.31
45

.27
.60
.61
.57
91
.70
¢35
.35
.50
vy
.49
.50
.62
.35
.38
.72
.86
.22
.31
.22
.24
.36
.33
.23
.27
24
.27
«25
.26
.12
.28
.58
.40
«25
.21
e25
.32
.35
.26
.71
.62
Ah
.26
.38
.30
.46
43
.29
b

.40
.50
.34
.78
.82
.73
.70
.40
.48
.66
.83
.50
.52
.31
.50
.82
.67
.28
43
.22
.23
.35
.29
.20
.25
.22
«25
.26
.24
.23
.18
.62
45
.20
.20
.31
.21
b
JAb
.74
.45
.45
42
.21
A4l
.56
.38
.52
47
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SUB-
JECT
ID

32HL
32HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL

CONDI~
TION

FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SKi
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH

1

.31
.39
.52
.27
.26
.70
b
47
b4
.29
Y
.64
.27
.32
.83
.87
vy
.31
.36
.26

.89

.90
.95
.32
.27
.40
.86
.64
.81
.90
.60
42
.65
.43
41
.61
.37
.28
.94
.88
.51

.60

.33
.43

.93

.95

.39
.46

RAW SCORES--REACTION TIMES (CONT'D)

.39
.32
.54
.32
47
.64
.52
.34
.64
.70
.30
. 54
.31
.28
.37
.80
.79
1.10
.46
.59
.92
.86
.68
A4l
.37
.26
.61
.87
.72
.48
.57
.36
.79
.60
74
47
b
.37
.90
.69
.28
.33
.30
.37
.95
.69
.46
.27

.33
.30
.62
.45
.29
42
.28
43
.59
.40
.48
.65
.27
.41
.74
.94
.51
.59
.41
.89
.99
.97
.67
1.04
.46
.48
.71
.90
.61
.67
42
.35
o177
.79
47
.60
41
.51
.65
.61
.48
.96
.31
.26
.84
.64
.40
.24

.34
.38
.33
.49
b
Y
.37
.33

.60

.54
47
.60

.32

.40
.97
.83
.60
.62
.37
.83
.73
.86
.58
.63
.49
.45
.85
.87
.68
.32
42
.35
«33

.54

.57

.48
.34
.40
.78
.63
.51
.80
.36
.40
.86

.72
.45
.31

TRIALS
5

.36

.30
47
.56
.49
.43
.29

.30

.59
.60
.43
.64
.36
.37
.79
.71
.64
77
.43
.75
.69
.80
.75
.39
44
.71
.86
.24
.63
.27
.23
.22
.72
.28
.37
44
.33
.37
.57
.73
.68
.27
.34
74
.92
.49
.38
.58

.30
.27
.50
.62
.46
.31
.32
.43
.63
.62
.50
.60
41
.48
.86
.75
.69
.70
41
.67
.69
.56
.61
o 77
.36
.42
.82
.71
.56
.56
.43
.26
.77
.80
.31
.37
.24
<37
.94
71
.54
.63
.30
.38
.62
b
.71
4l

.30
.20
.61
.55
.63
.54
.37
.34
.33
.55
.59
.50
.23
«32
.79
.75
.60
.77
.39
.82
.80
.85
.61
47
54
.49
.55
.60
.33
.49
.36
.31
.33
.46
.48
.43
.31
.35
.82
.51
«59
.52
.34
.40
.93
91
.60
.99

.28
.25
.66
.66
.51
.37
.37
.39
.39
.60
.52
.65
.37
.50
.58
.74
.55

.63

47
.57
.71
.54
.74
.64
.45
.93

42

.29
.48

.76

42
.31
.64
.39
.41
.36
.30
.33
.85
.75
.73
.50

.33

44
.65

.70

«29

45
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SUB-
JECT
ID

36HL
36HL
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH

CONDI-
TION

FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH

1

.28
.31
.27
.50
.48
.38
.28
.30
.23
.27
.32
.34
.27
.30
.28
.67
.50
.56
.25
.27
77
.73
.33
.32
.26
.58
«23
.43
.37
.32
.28
.32
.62
.45
.33
.36
.22
.30
.73
.34
.24
.35
.28
42
.34
.26
.34
.40

RAW SCORES~~REACTION TIME (CONT'D)

.36
43
.61
.25
.20
.57
.27
.24
.26
24
.32
.34
.29
.22
.84
.69
40
.57
.20
.28
47
45
.43
.36
.21
.25
.46
47
.33
4l
.36
.26
.33
.29
.27
.34
.25
.32
.70
.67
.24
.25
.31
.27
.34
.40
.31
.29

.25
.20
.58
.29
.24
.22
.24
.29
.23
.25
.27
.40
.27
.24
.78
.86
b
.50
.24
.23
.48
43
.35
.30
.33
.24
.67
.35
.34
42
.30
.34
.37
.45
42
.31
.31
.27
.63
.73
.34
.34
.25
.26
.20
.43
e25
.26

.29
.21
.48
.32
.36
.61
.25
.26
.24
.25
.26
.31
.26
.23
.70
.79
.ol
.35
.27
.23
.48
.46
.34
.27
.25
.25
42
.43
.39
.38
.29
.23
.27
.31
.33
.33
.26
.28
.65
42
.30
.31
.28
.26
.40
.32
.28
.30

TRIALS

.37
.29
.83
.29
.27
43
.29
.25
.20
.23
.23
.27
.27
.22
.76
.85
.35
.35
.28
.23
.35
.33
.36
.26
.32
.20
.38
A4l
.33
.35
.33
.30
.32
.38
.36
.29
.26
.29
.63
.01
.26
.32
.26
.28
.46
.36
.27
.30

. 54
.29
47
.33
.37
.60
.27
.25
o 24
.24
.27
.32
.2

.25
.68
.78
.33
.4
.26
.27
.52
.43
A4l
.32
.28
.35
.39
4l
.29
.27
.33
.27
.33
.32
.24
24
.27
«25
.50
.29
.27
.30
«25
.25
.34
.26
«25
.31

.49
.32
.26
.26
.38
43
.27
.21
.26
.27
.21
.28
.28
.19
.70
.87
.39
.67
.27
.23
b
.33
.33
.26
.27
.23
.45
.38
.36
.38
.34
.29
.29
.33
.29
.27
.27
.27
.56
.49
.27
.27
«25
.36
.35
.27
.28
.32

.39
.27
.27
.28
.63
42
.19
.26
.26
.19
«25
.24
22
.27
.81
.84
.67
.45
.21
.22
.46
.45
.38
.28
.20
.27
.38
.32
.31
.33
.31
.26
.27
.35
.26
.26
.25
.27
.61
.43
.29
.25
.21
42
.34
.30
.32
.32
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SUB-
JECT
ID

40CH
40CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH

CONDI~
TION 1
FLL .36
FLH .29
SRL .33
SRH .29
SCL .22
SCH .43
SLL .29
SLH ¢35
FRL .29
FRH .30
FCL .25
FCH .22
FLL .24
FLH .29
SRL .58
SRH .51
SCL .52
SCH 43
SuL .32
SLH .38
FRL 47
FRH .26
FCL .49
FCH .43
FLL .35
FLH .37
SRL .33
SRH .40
SCL .34
SCH .30
SLL .65
SLH .45
FRL .31
FRH .30
FCL 42
FCH .33
FLL .37
FLH .42
SRL .40
SRH .41
SCL .30
SCH .36
SLL .30
SLH .38
FRL .27
FRH .28
FCL .30
FCH .35
FLL .37

RAW SCORES--REACTION TIME (CONT'D)

.26
.28
.38
.25
.48
.45
.30
.23
.32
.20
.23
.23
.21
.32
.37
.20
.42
.48
.39
.38
.40
.45
.38
.40
«35
.29
.30
.37
.36
.36
.61
.45
.31
.32
.38
.28
.35
.43
.36
.34
.33
.38
.31
.39
.22
.25
.27
.36
.46

T Bl e e it K e s WL Y bann  ean *

.20
.27
.36
.22
.46
.25
.29
.27
.29
.21
.32
.28
.26
.22
.64
«32
.20
.ol
«25
.36
.37
.35
.40
.45
.27
.35
.28
.31
.40
44
.35
.46
.31
.31
.33
.26
.32
.46
.30
.20
.21
.37
.31
.26
.21
.31
.32
.23
.13

.27
.27
.35
.30
.36
.25
.25
.28
.26
.22
.30
«25
.25
.25
.67
«32
.47
.50
.28
.38
.40
.36
47
.38
.30
.32
.26
.29
.42
.32
.35
.32
.25
.33
¢35
.26
«25
.30
.26
.22
.27
.25
.33
.25
.23
.23
.35
.24
.25

TRIALS
5

.29
.25
.36
.39
.25
.25
.22
.28
.21
.23
.25
.23
.25
.24
«39
«33
.46
.49
.31
.38
47
.38
.54
.37
.33
.33
.27
.22
.30
.21
«32
.18
.26
.26
.29
.25
.25
.26
.20
.32
.33
.22
.36
.23
.27
.19
.33
.22
.25

.25
.23
.32
.29
.24
.24
.27
.26
.22
.27
«25
.26
.25
24
.60
¢35
47
.43
.33
.46
.43
« 39
.54
.39
.30
.30
.22
.26
.26
.36
.30
.31
.19
.23
.32
.20
4l
.28
14
.20
.21
.29
.31
.36
.21
.28
.26
.18
.25

«25
.24
.39
.29
.22
.23
.28
.25
.22
.29
.27
.29
.26
.26
.61
.56
.40
44
.39
.49
41
.39
.33
.41
.29
.24
.22
.21
.28
.27
.28
.29
.21
«25
«25
«25
.33
.27
.28
.18
.31
.28
.32
.24
«25
.20
.31
.13
.18

.25
<24
.31
.28
.30
«25
.21
.24
.23
.20
.28
.27
.28
.22
.58
.54
<54
«52
.42
«52
44
.30
.32
42
.28
.30
.24
.15
.30
.20
.28
.29
«25
.26
.21
.21
.18
.21
.22
.22
.45
«25
.29
.28
.21
e25
.14
.20
.19
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SUB-
JECT
1D

44CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL

CONDI-
TION

FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL

1

.22
.22
.33
.26
.19
.53
.20
.23
.23
.37
.27
.18
.29
.75
.79
.19
.64
.35
.83
.84
.69
.79
.97
.81
.75
.31
.29
.75
.84
.65
.25
.36
.32
43
.51
43
.25
.28
.24
.21
.65
.30
.19
.36
.27
.25
A7
.20

RAW SCORES--REACTION TIME (CONT'D)

.20
.20
.22
.23
.15
.65
.24
.33
.28
.21
.27
.19
.22
.64
.53
1.14
.79
.66
.54
.57
.23
. 9%
.62
.86
.78
.38
.32
.32
.30
.25
.25
.29
.35
.26
.35
.73
.23
.27
.25
.22
43
.22
.35
.27
.24
.52
.36
.31

.18
.24
.25
.24
.28
.30
.21
.22
.27
.22
.27
.21
.29
.95
.77
1.14
.72
.58
.50
.39
.60
.60
.60
45
.34
.30
.30
.57
48
.57
.24
.34
.39
.23
.39
.78
.27
.27
.25
.36
4
A4l
.28
.29
.30
40
.30
.28

TRIALS
4 5
.21 .23
.22 .19
.25 .24
.24 .25
.27 .25
.36 4l
.25 .23
.24 .23
«25 .23
.22 .23
.26 .27
.23 .26
.27 .27
.83 .77
.69 .61
1.07 1.00
.75 .80
.39 «35
47 .43
.57 .35
.62 Y
.63 .70
.61 .56
41 .38
.40 .46
.30 .29
.32 .33
.60 .96
A48 46
.55 .54
.26 .83
.31 .30
.39 .36
.30 .81
.39 .37
.35 24
.40 .72
.27 .28
.23 .30
.62 .39
Ab .20
.76 .33
.25 .16
.29 .31
.34 «35
.33 .40
.24 .34
.24 .26

.24
.17
.22
.20
o235
.57
.21
.21
.21
.24
.26
.26
25
.87
.58
91
1.01
.35
.38
.58
.37
vy
.52
.37
34
.32
.32
.58
A
74
.33
N
.29
.38
.34
e23
.20
.30
.30
.37
.23
.29
.19
.30
.30
.37
.35
.27

.28
.22
.20
.39
.20
.35
.23
.27
.36
.27
.22
.33
.33
.37
.57
.20
.65
A48
.39
.50
.58
.71
40
.32
A48
.30
.35
.60
45
.82
.31
42
.21
.36
.39
.29
.22
.30
.29
.34
.27
.27
.24
.21
.21
.33
.33
e23

.25
.22
.27
.33
.23
.32
A4l
.31
.28
.26
.29
.33
.27
.72
=10
.50
.65
.48
.30
47
.49
.60
A4l
42
47
.27
.38
.58
N
.91
.29
4l
.21
.32
A4l
.29
.19
.22
.27
.51
.39
.18
.73
.25
.27
42
.24
.22
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SUB-
JECT
ID

48CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL

CONDI-
TION

FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL

1

.35
.82
.61
.71

1.01

.58
.67
.82
.49
.84
.50
42
.35
.63
.68
.56
.46
.36
.23
.53
.65
.20
.29
.22
.31
.84
.53
.59
.56
«52
.78
.82
.87
.92
.67
.43
.34
.64
.98
.85
.74
.27
.27
.64
.74
Ab
.37
.48

RAW SCORES--REACTION TIME (CONT'D)

.31
1.02
.63
.64
.74
.99
.77
77
.68
.65
.96
.50
4l
.54
.58
.31
.37
.25
.34
.61
.61
.18
.27
.21
.20
.35
.52
.39
b
.68
.40
.4l
.78
.75
.63
.91
.50
.69
.73
.51
.52
.27
.32
.73
.76
.33
.28
.27

.31
.84
.69
.61
.81
.60
.67
.88
.60
.62
46
4l
.52
.63
.58
41
.37
.25
.26
.32
.65
.25
.22
.21
.21
.32
.78
.46
.46
.59
.26
.50
.68
.63
.43
.72
.31
.74
.86
.61
.58
.34
.37
.69
.65
47
»50
.31

.35
.69
.60
.78
.92
.62
.56
.67
.66
.62
.49
.49
47
.50
.31
.54
.50
.26
.24
.35
.23
.35
.24
.23
.29
.76
.68
.40
.60
.66
.28
.89
.67
.61
.79
.24
.33
.70
.65
47
.62
.26
.34
.68
.65
.51
.42
.30

TRIALS
5

.28
1.03
.91
.83
.86
.66
.53
.62
.68
.97
.69
.48
.48
47
.63
.32
.32
.16
«25
.37
.27
.26
.28
.26
.20
.31
47
.39
.70
.65
.34
.51
«52
42
.36
.31
.33
.67
.59
.52
.63
.33
.35
.65
.62
«55
54
47

.28
.71
.67
.89
.83
.54
.69
.59
.76
.52
75
.56
47
.43
.58
X
.4l
.31
.18
.34
.27
.20
.26
.30
.25
.72
«52
Ab
.64
54
.24
.62
.56
.68
.39
.31
.33
.63
.65
.53
.73
.39
.80
.62
.68
.98
.51
.40

.26
.78
.69
.81
.85
.67
.61
.63
.72
.68
.31
.49
.50
.46
¢35
Y
.38
.30
.26
.38
.30
.28
.27
.30
.25
.36
.50
.46
.66
.60
.27
.70
.56
.73
.67
.36
.34
.66
.65
.59
.71
.36
.37
.66
.68
.52
.51
.43

.23
.82
.65
77
.86
.58
.71
.64
.70
77
.52
.53
.49
42
.60
.60
47
.27
«25
.38
.30
.27
.29
.29
.25
.39
.57
.42
.65
.63
«25
.63
.60
.69
.64
+35
.33
.64
.68
.56
.70
.35
.37
.64
.66
.51
.50
4l
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SUB-
JECT
ID

52CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL

CONDI~
TION

FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

.36
.36
42
.67
.88
.82
.66
.43
.26
45
.78
.80
.70
.35
.69
.45
.62
.33
.35
.87
.90
b
47
.33
.29

RAW SCORES~-REACTION TIME (CONT'D)

.36
.30
.49
.64
.72
.72
.85
.38
.40
.64
.57
.82
.25
.84
.79
.23
.64
.31
.33
.74
.25
.38
41
.28
.34

3

.35
.28
47
.61
.66
.70
.85
.37
.33
.59
.56
.26
.29
.79
.70
.26
.64
.28
.36
.66
.29
.37
42
.28
.36

4

.37
.25
41
.61
.65
.70
.84
.31
.26
.39
.53
.22
.26
.68
.68
.27
.64
.23
.38
.48
.28
.36
.45
.29
.37

TRIALS

5

.36
.31
.24
47
.53
.35
.83
.34
.39
42
.38
.27
.24
.80
.77
.33
.62
.29
.37
.76
.21
.26
.30
.30
.30

.37
.33
.30
.46
.60
.35
.85
.36
.34
.58
Y
.27
.29
.78
.73
.25
.62
.28
.29
.73
.33
.38
41
.30
.29

.36
.35
.31
.48
.60
.36
.84
.34
.28
.39
.30
.22
.62
.62
.69
42
.63
.29
.25
.66
.35
42
.49
.30
.29
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.35
.27
42
42
.63
.38

.80
.30

.26
.59
.34
.24
.23
.33
.62
.27
.50
.29
.23
.76
.27
.27
.35
.23
.25
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SUB-
JECT
ID

01JH
O01JH
01JH
01JH
01JH
01JH
01JH
01lJH
01JH
01JH
01JH
01JH
02JH
02JH
02JH
02JH
02JH
02JH
02JH
02JH
02JH
02JH
02JH
02JH
03JH
03JH
03JH
03JH
03JH
03JH
03Ju
C3JH
03JH
03JH
03JH
03JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

.71

.90
1.21
1.10
1.53
1.92
1.37
1.64
1.67
2.15
1.91
1.95
1.47
1.36
1.15
1.37
1.25
1.46
1.55
1.38
1.56
1.75
1.14
1.43
1.39
1.13
1.47
1.07
1.59
1.36
1.22
1.51
1.22
1.38
1.69
1.36
1.21
1.43
1.30
1.00
1.65
1.32
1.35
1.38
1.39
1.44
1.34
1.34

R R R R R R R R RERENRERRERERERRREEEEREEREDEREPEEE

Pl

RAW SCORES--MOVEMENT TIME

.92
.15
.27
.20
.64
.36
.28
.00
.96
.86
«95
.92
.36
.36
.43
.ol
.37
45
.ol
.83
.35
.00
.5l
.ol
.26
.15
.23
.12
.35
.38
.15
42
.67
.83
Y
.71
.11
.16
.00
.97
.50
.31
A7
.77
.27
.70
43
.62

1.10
1.50
1.28
1.32
1.50
1.74
1.54
2.03
1.85
1.98
1.83
1.75
1.19
1.38
1.24
1.15
1.47
1.40
1.41
1.78
1.36
1.68
1.56
1.62
1.47
1.52
1.25
1.03
1.38
1.37
1.55
1.88
1.46
1.73
1.50
1.74
1.06
1.25
1.31
1.14
1.22
1.35
1.65
1.73
1.62
1.50
1.36
1.38

1.04
1.53
1.80
1.40

.97
1.36
1.24
1.71
1.59
1.74
1.74
1.50
1.27
1.33
1.18
1.26
1.37
1.44
1.22
1.37
1.18
1.75
1.33
1.33
1.42
1.27
1.37
1.21
1.39
1.33
1.25
1.50
1.41
1.53
1.51
1.54
1.21
1.49
1.39
1.30
1.52
1.44
1.55
1.74
1.57
1.74
1.51
1.56

1.80
1.26
1.44
1.72
1.27
1.31
1.35
1.89
1.75
1.9
1.70
1.48
1.17
1.27
1.19
1.28
1.25
1.15
1.45
1.32
1.36
1.53
1.55
1.65
1.28
1.13
1.48
1.28
1.30
1.34
1,32
1.42
1.38
1.40
1.68
1.32
1.46
1.72
1.70
1.64
1.58
1.47
1.60
1.77
1.60
1.94
1.57
1.62

1.53
1.54
1,37
1.36
1.19
1.24
1.75
2.40
1.27
2.00
1.49
1.83
1.25
1.25
1.17
1.14
1.35
1.47
1.47
1.62
1.32
1.50
1.50
1.57
1.58
1.30
1.48
1.26
1.43
1.22
1.10
1.35
1.36
1.63
1.32
1.56
1.47
1.62
1.62
1.26
1.55
1.47
1.54
1.90
1.68
1.84
1.54
1.67

1.37
1.63
1.58
1.49
1.48
1.24
1.80
2.12
1.66
1.79
1.45
1.57
1.15

1.32°

1.07
1.17
1.21
1.42
1.42
1.65
1.60
1.62
1.70
1.60
1.44
1.23
1.42
1.54
1.30
1.31
1.29
1.48
1.64
1.56
1.45
1.42
1.57
1.67
1.35
1.47
1.64
1.52
1.94
1.85
1.74
1.90
1.65
1.66

1.37
1.26
1.42
1.37
1.37
1.36
1.35
1.89
1.67
1.79
1.74
1.83
1.25
1.32
1.17
1.15
1.25
1.40
1.45
1.62
1.39
1.69
1.51
1.60
1.50
1.40
1.25
1.18
1.40
1.31
1.11
1.45
1.27
1.23
1.42
1.67
1.56
1.42
1.45
1.62
1.50
1.62
1.87
1.79
1.75
1.87
1.67
1.65
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RAW SCORES--MOVEMENT TIME (CONT'D) 170

SUB-
JECT  CONDI-
ID TION 1 2 3 4 5 6 7 8
05JH SRL  1.52 1.06 1,30 1,33 1,21 1,10 1l.14 1.2
05JH SRE 1.55 1.65 1.54 .93  1.45 1.62  1.42  1.45
05JH scL.  1.38  1.29 .96  1.20 .83 1.28 1.10 1.15
0534 sew  1.35 1.43 1.43 1,25 1,264 1.17 1.25 1.30
05JH o1,  1.40 1.4 1,31 1.55 1.74 1.31  1.16  1.44
05JH sig 1.46 1.72 1,25 1,28 1,32 1.36 1.25 1.3
05JH PRI  1.33 1.52 1.26 1.49 1,20 1.29 1.36 1.3
05JH R4 1.43 1.63 1.49 1.8  2.06 1.73 2,00 1.73
05JH rclL  1.63 1.5 1.56 1.52 1.74 1.35 1.45 1.5
05JH roi  1.82 1.68 1.65 1.57 1.64 1.59 1,62  1.65
05JH FlL  1.42 1.74 1,53 1,30 1.32 1.52 1,51 1.47
05JH Fin  1.36 1.68 1.74 1.5 1,40 1.51  1.55 1.5
06JH SR  1.52 1.57 1.32 1.2 1,64 1.68 1.67 1.57
06JH SR 2.00 2.13 2,07 1.8 1,97 1.87 1.76  1.96
06JH sc. 1.75 1.73 1,75 1.63 1,67 1.83 1.78 1.73
06JH scH  1.99 1.81 1.52 1.65 1,79 1.51 1.79 1.72
06JH si1, 1.80 1.53 1.39 1.31 1,32 1.60 1l.64 1.5l
0634 st 1.96 1.40 1.57 1.57 1,53 1.70 1.52 1.59
06JH FRL 1.85 1.88 1.70 1.71 1,72 1.49 1.38 1.70
06JH FRE 1.98 1.87 1.73 2,05 1,93 1.82 1,60 1.8
06JH FoL  1.88 1.90 1,92 1.57 1,57 1.43 1.59 1.59
06JH foR 1.81 2.00 1,99 1,73 1.8 1.88 1.87 1.8
06JH FiL  2.04 1.90 1.83 1.74 1.83 1.48 1.63 1.78
06JH FIH  2.16 2.02 2.02 1.69 1.78 1.85 1.94  1.91
07JH SRL 1.08 1.05 1.01 .79 .70 .75 1.09 1.04
07JH SRH  1.23  1.40 .95 1.79 1.36  1.05 .90 .94
07JH SCL .94 .88 .98  1.17 .75 1.04 .98  1.12
; 07JH scH 1.00 1.17  1.04 1,00 .96 1,16 1.01 1,02
j 07JH si. 1.i0 1.12 1,12 1,52 1,06 1,00 1,07 1.07
« 0734 sii 1.40 1.53 1.3 1.0 1.30 1.37  1.30  1.07
: 07JH FRL 1.3 1.09 1.20 1.24 1,20 1.11  1.29 1.20
; 07JH FRE  1.69 1.55 1.63 1.66 1.63 1.66 1.65 1.62
: 07JH FcL  1.52 1.27 1.3 1.39 1,29 1.33 1.63 1.6l
: 07JH fon  1.59 1.37 1.52  1l.44 1.46 1.41 1,65 1.72
: 07JH Fi. 1.6 1.77 1,81 1.72 1.80 1,92 1.8  2.00
; 07JH Fig 1.93 1.72 1,70 1.76 1.62 1,53 1.58  1.76
: 08JH SRL  1.10  1.30 .97 .93  1.24 .97 .99 .95
¥ 08JH SRH .85 .95 .94 .90 .81  1.04 .92  1.03
{ 08JH SCL .78 .97 .93 .93 .90 .80 1,04  1.08
; 08JH SCH .92 1,03 1,00 1.04 1.03 .91 1,07 1.03
: 08JH siL  1.26 1.25 1.40 1.2 1.16 1.15 1,43 1.45
; 08JH SLH  1.15 1.02  1.14 .93 1,20 1.23 1.20 1.26
2 08JH FRL .87 .69 .84  1.08 .82 .71 .87 .84
; 08JH FRH .94 .70 .95 .81 1,00 1,08 1.07 1.05
i 08JH FCL .89 .76 .89 .96 .93 .86 .71 1,15
' 08JH Fon  1.15 1.25 1,21 1,27 1,10 1.38 1.15 1.15
08JH FIL  1.20 1.30 1.3 1.22 1,38 1.3 1.36 1.33
08JH FiH 1.48 1.44 1.39 1.45 1,30 1.45 1.28 1.38

DN SR VLR N RN DA 1 SU - €17 X0e g V)
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SUB~-
JECT
ID

09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12J0L
12JL
12JL
12JL
12JL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

1.11

.94
1.13
1.00
1.50
1.13
1.63
1.32
1.47
1.59
1.78
1.87
1.04
1.17

.78
1.76
1.45
1.58
1.17
1.58
1.35
1.72
1.57
1.60
1.22
1.83
1.85
1.02
1.36
1.64

.99

.92
1.57
1.39
1.22

.98

+90
1.18
1.44
1.56
1.24
1.12
1.52
1.03
1.53
2.17

RAW SCORES--MOVEMENT TIME (CONT'D)

.83

.73
1.18
1.01
1.40
1.29
1.37
1.58
1.65
1.62
1.48
1.89
1.16

.89

.95
1.16
1.57
1.32
1.54
1.52
1.39
1.64
1.70
2.01
1.23
1.83
1.80
1.06
1.36
1.63
1.64
1.93
1.05
1.42
1.39
1.34

.94

.81
1.40

.86
1.46
1.55
1.12
1.24
1.34
2.12
1.53
1.71

91

.94
1.16
1.13
1.42
1.18
1.37
1.53
1.74
1.47
1.75
1.82
1.69
1.51

.87
1.65
1.75
1.38
1.50
1.70
1.34
1.80
1.58
1.31

.83
1.84
1.88
1.04
1.39
1.62

.81
1.81
1.06
1.46
1.47
1.35

.85

.82
1.00
1.42
1.59
1.66
1.58
1.27
1.42
1.51
1.81
1.91

ot e e e el e el ek el g e

FHEEFPRE SR e e

DN o e e e e e e e

S

[ ]

N
W

.05
.15
.15
46
.16
.36
.59
47
.52
.71
.57
.04
.46
.84
.69
.20
.80
.54
.34
.40
.72
.80
.62
.21
.87
.83
.04
.11
<95
.67
.69
.03
41
.54
.38
<92
.60
42
.12
.90
.81
.78
.15
.42
74
.64
.06

PHEFEEE R RREE R SRR S e antantl anl ol R R R S S

N = e et e

.40
.03
.16
.15
.50
.13
.35
.65
.70
.62
.76
.70
.15
.60
.87
72
.57
.52
«53
.32
.37
.72
.54
.60
.65
.54
.49
.50
.30
.18
.96
.90
« 57
.35
.37
.15
.81
.95
.33
.40
.70
.70
.71
.46
.35
.76
.61
14

1.15

.96
1.17
1.12
1.47
1.17
1.37
1.55
1.56
1.62
1.70
1.77
1.50
1.61
1.12
1.40
1.60
1.50
1.59
1.85
1.54
2.16
1.56
1.63
1.29
1.78
1.90
1.19
1.15
1.60
1.65
1.99
1.18
1.41
1.37
1.30
1.51
1.50
1.47
1.26
1.82
1.33
1.79
1.74
1.39
1.95
1.89
1.35

171

7 8
1.20 1.35
1.05 1.01
1.23 1.17
1.27 1.15
1.56 1.45
1.16 1.15
1.55 1.47
1.64 1.54
1.52 1.56
1.70 1.79
1.67 1.69
1.80 1.72
1.75 1.16
1.72 1.06
1.37 .97
1.73 1.80
1.31 2.21
1.58 1.72
1.70 2.26
1.90 1.32
1.14 1.28
1.90 2.00
1.71 1.44
1.89 1.78
1.10 1.45
1.20 1.66
1.58 1.84
1.10 1.05
1.37 1.50
1.50 1.65
1.66 1.59
1.91 1.94
1.50 1.09
1.42 1.24
1.29 1.50
1.36 1.68

.80 1.10
1.39 .99
1.67 1.45
1.05 1.15
2.02 1.58
1.51 1.59
1.72 1.75
1.50 1.26
1.29 1.40
1.76 1.75
1.54 1.55
1.56 1.95

= "A':“\“i DALy

e e IRl i e SR, Gt |



T AN IO SR YT 0 AR e W 1 gy % g

(A1

RAW SCORES--MOVEMENT TIME (CONT'D) 172
SUB- ’
JECT  CONDI-
ID TION 1 2 3 4 5 6 7 8

[ g reeepams 39w e N e o gt s g b o
‘;w“’i"" TRETIS ST IR T TR RO TR e g

13JL SRL  1.27 1,24 1,04 1,22 1.80 1.37 1.35 1,67
13JL SR 1,35 1,20 1,03 1,20 1,70 1,30 1.50 1.31
13JL SCL 1.60 1.17 1.30 .94 1,60 1,52 1.89 1.58 :
13JL SCH 1,90 1.93 1.93 1,93 1.90 1.91 1.98 1.65 3
13JL SLL  1.29 1.46 1,47 1.32 1.41 1,21 1.23 1.36 41
13JL SLH 1.67 1.8 1.87 1.50 1.89 1.66 1.28  1.37 ?;
13JL FRL  1.31 1.10 1,32 .70 1,18 1,30 1,11 1,33 g
13JL FRH 1.26 1,22 1,22 1,26 1.28 1.42 1.63 1.6l 'k
13JL FCL 1.63 1,60 1,66 1,57 1.18 1.61 1.21  1.60 'l
13JL FCH 1,50 1,52 1,98 1.55 1.57 1.16 1.81  1.45 ;
13JL FLL 1,55 1,20 1i,5% 1,57 1,56 1.52 1.15 1.81 :
13JL FLH 1.44 1,58 1.39 1,70 1.35 1.29 1,45 1.47 ;
14JL SRL .82 1.3 1,37 1,20 1.36 1.38 1.41  1.35
14JL SRH .92 .82 1,13 1,20 1.20 1.19 1.18 1.35
14JL SCL  1.00 .95 1.22 1,29 1.24 1.25 1.39 1.10
14JL SCH 1.29 1.33 1.59 1.48 1.90 1.86 1.73 1.% )
14JL SLL,. 1.4 1,31 1,53 1.55 1.50 1,51  1.34 1,97 ;
14JL StH 1.19 1,28 1,51 1.53 1.58 1.57 1.55 1.60 f
14JL FRL 1.8 1.8 1,96 1.86 1.97 1.89 1.81  1.48

; 14JL FRE 1.85 1,74 1.23 1.3% 1.35 1.36 1.48 1.37

; 14JL FCL 1.62 1,42 1,35 1.46 1,50 1.45 1.40 1.57

: 14JL FCH 1.63 1,19 1.90 1.41 1,35 1.37 1.39 1.49
14JL FLL 1.36 1.36 1.03 1.32 1.31 1.38 1.39 1.40

: 14JL FLH 1,80 1,90 1.8 1,39 1.8 1.81 1.87 1.51

; 15JL SRL 2,02 1.66 1.75 2,23 1.20 1,99 1.96 1.75

: 15JL SRH 1.30 1.73 1.25 1.63 1.85 1.82 1.75 1.9

L 15JL scL 1.36 1,40 1.77 1.46 1.65 1,62 1,92  2.62

: 15JL scH 2,02 1,70 1,32 1.81 2.05 2,01 2.19 2.03

: 15JL SLL  1.92 2,07 2.26 2.19 1,64 2,03 1.70  2.04 :

£ 15JL StH 1,91 2,00 1,95 1.92 1,60 1.93 1.97  2.08 '

; 15JL FRL 2,12 2,11 1,58 1.78 1.96 1.9  1.86"° 1.96 .

: 15JL FRH 1.54 1,74 2,53 2,11 2,13 2.21 2,31 1.90 :

; 15JL FCL  2.68 2,27 2,42 1,88 2,26 2.19 1.9  2.12 a

; 15JL FCH 1.75 1,81 2,32 1.43 1.91 1.87 1.80 1.87

/ 15JL FLL 2.84 2,46 2,54 2,04 1,71 2.09 1.74 1.9%

s 15JL FLH 2,43 2,21 1,90 2,17 2,51 2.20 1.8  2.32

: 16JL SRL 1.6l 1,38 1,06 2.02 1.43 1.11  1.98 1.36

4 16JL SRH 91 1.23 .95 1,22 1,21 1.10 1.36 1.20

: 16JL scL. 1.37 1.12 1,09 1.39 1.47 1.36 1.45  1.39

i 16JL ScH 1,08 1,53 1.74 1.12 1.18 1,17 1.20 1,16

f 16JL St 1.65 1,25 1.61 1.49 1.66 1.62 1.59 1.60

: 16JL SLH 1.62 1.8 1,37 1.80 2.07 1.58 1.84 1.86

; 16JL FRL  1.31 .92 1,02 1.3 1,17 1,31 1.39 1.35

5 16JL FRH 1.8 1,67 1,88 1.72 1.64 1.82 1.82 1.80

£ 16JL FCL 1.74 1,77 1,65 1.66 1.68 2.25 2.30 1.67

i 16JL FCH 1,31 1.67 1,70 1,74 2,12 1.73 2,15 1.70

; 16JL FLL 1.85 1.81 1,89 1.83 2,15 2.14 1.93 1.8

: 16JL FILH 1.82 1.83 1.8 1.78 2.10 2.02 1.64 1.80

5

PRERY AT S g b NEK

‘
T
R
:
2y
3
&
:
[




oo

w1 RPN IR, WA TR R T 6 0%

SUB-
JECT
iD

17JL
17JL
17JL
173L
17JL
17JL
17JL
17JL
17JL
17JL
17JL
17JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

e b e et e e e e

l—'l—'Nl—'l—'l—'l—'l—'l—'l—'l—'l—'NHI—'NNNI—'I—'I—'I—'I—'I—'I—'I—'NI—'I—'

1

.20
.05
.10
.19
.18
.51
.53
.22
.60
.69
.67
.73
.43
.20
45
.39
.54
.65
A3
.73
.23
.16
.72
74
.56
.19
«25
.51
.96
.89
.17
.18
.11
.90
.93
.08
.09
.32
.27
.27
.29
.80
.57
77
.75
.05
4l
.96

RAW SCORES--MOVEMENT TIME (CONT'D)

1.26
1.02

.95
1.16
1.38
1.50
1.27
1.24
1.61
1.46
1.80
1.42
1.40
1.50
1.42
1.40
1.56
1.39
1.47
1.76
1.46
1.90
1.53
1.70
1.50
1.92
1.16
1.20
1.59
1.56
1.99
1.44
1.60
2,00
1.82
1.87
1.46
1.57
1.53
1.45
1.46
1.52
1.55
2.00
1.75
1.97
1.68
1.76

-

e b e e e

l—'l—‘!—'l—'l—‘l—'l—'Hl—'l—'l—'l—'l—'l—'l—'l—'l—'l—'l—‘l—'l—'l—'l—'l—‘l—'l—ll—'l—'

.22
.99
.28
.09
.39
A4l
.35
.20
.65
.40
.71
.70
24
.58
.50
.38
A4l
.33
42
.45
b
.84
.52
.74
.55
.40
Ah
.31
.74
.73
.72
.81
.77
.50
.80
.97
.88
.10
.39
.25
.19
.51
JAh
.81
.86
.54
.52
.72

.13
.99
.95
.18
.13
.35
.31
.06
.51
.71
.65
.71
.15
.32
.30
.45
.20
.33
48
.63
A7
.65
.29
.99
.92
.51
.26
.46
.49
.50
.31
.50
.27
.23
.49
.67
.37
.39
.83
.32
.50
.45
.39
.45
.50
.72
.33
.70

TRIALS

e e e e e e e

5

.10
.24
.15
.12
.35
.50
.52
.23
.62
.74
.90
.63
.40
.33
.27
47
.67
.35
.33
.45
.20
.85
.65
A7

.83

e N B D e e

.39
.16
.33
42
.55
.39
.37
.29
.48
.46
.61
.39
.34
.22
b
48
.00
.55
.39
.32
77
44
.56

Nr—u—lr—lHHH»—I»—I»—I»—I»—I»—I»—IH»—I»—I»—I»—IH»—I»—I»—IH»—H—I

[l el

D i il o

.22
.19
.00
.35
17
.59
.60
.20
45
.76
.65
.72
.25
.51
.30
.40
.57
.35
.57
.65
42
.57
.52
.65
.51
.00
.91
.52
.59
.24
.40
.66
.32
.33
.51
.51
.92
.60
.81
.59
.56
.70
.57
.19
.57
.81
.48
.81

1.53
1.05
1.10
1.38
1.39
1.40
1.65
1.25
1.56
1.64
1.64
1.71
1.41
1.44
1.47
1.35
1.36
1.43
1.15
1.76
1.42
2,03
1.55
1.59
1.37
1.53
1.22
1.27
1.57
1.58
1.61
1.64
1.52
1.56
1.64
1.79
1.33
1.40
1.82
1.89
1.71
1.53
1.66
1.42
1.42
1.80
1.51
1.73

173

1.19
1.14
1.02
1.11
1.32
1.30
1.52
1.28
1.62
1.62
1.45
1.75
1.46
1.35
1.35
1.55
1.24
1.37
1.00
1.72
1.32
1.90
1.54
1.69
1.71
1.34
1.38
1.35
1.23
1.56
1.32
1.50
1.26
1.51
1.49
1.84
1.35
1.39
1.55
1.46
1.45
1.64
1.53
1.72
1.59
1.81
1.48
1.75

et betbda el wl e it s st widedh] v

ool

AR, S S




R A P AT

i TR (RN R Y

DIV I Fh

SUB-
JECT
ID

21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH

e pgede (v tom e

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

P N el el

Pt et e el el e e e e e e e e el el el el el e e e b e N B

1

.88
.27
.09
.36
.65
.40
.11
.69
.96
.69
.88
.20
.53
.60
44
.01
.70
.87
.83
.72
.28
.83
.68
.39
.49
.30
.62
.49
.69
.83
.72
.54
.78
42
.62
.36
.83
.51
.66
.88
.61
.34
.88
.76
.86
.64
.60

T e i SRR e

RAW SCORES--MOVEMENT TIME (CONT'D)

P e e e e et el et et el el el e e e e e e e e e e R DO N N B R b e e e e e e e e e e

.92
.86
.07
.64
.31
.48
.58
.75
.54
.70
.69
.90
.18
.14
.37
.82
.30
.58
.60
.65
.64
.22
.01
.29
.69
.03
.36
.73
.70
.38
.56
.90
.39
.56
.88
.66
41
.64
.19
.31
.60
.40
47
.62
.67
.57
.54
.40

Pt e et e et e e e et et b ek ek e e ped el et et e et e et el b RO N DD B b b e N

.06
.30
.45
.31
.54
.33
47
.71
.60
.00
.61
.72
.07
.64
.48
.09
.99
.33
.82
.26
.05
.06
.98
.79
.28
.26
.18
.39
.38
.37
.55
.61
.32
.46
.26
.55
Y
.97
.17
.46
.43
.39
.59
.77
.69
.49
.43
42

N R e e e e e e

RO b b e e e e e e e e e e el e e e e e b e e e N B B e N

TRIALS

4

.89
.32
.52
.18
.37
A4l
Al
45
.85
.60
.01
.90
.50
.09
48
.20
.48
.59
A
.52
.09
.24
.19
.09
.21
.40
.11
.53
.39
.52
b
.87
.28
4l
.54
.76
43
.69
.23
14
.64
.49
43
.39
.69
.50
.10
.55

Rl el el el i

-

Pt e et e e e e e e el N e el el el el e e e e e e e e

.98
.16
.25
.36
.40
.38
.50
.60
.50
47
.36
.02
.82
.82
.04
.31
.20
.97
.06
.38
.29
.11
.53
.36
.21
.03
.21
46
.20
.19
.75
46
.31
46
.17
A7
.29
.09
.21
.64
.64
W27
.48
.78
.61
.79
.43
.35

1.46
1.17
1.05
1.38
1.19
1.42
1.93
1.75
1.73
1.88
1.52
1.85

.57

.55

.97
1.01
1.14
1.06
1.32
1.15
1.48
1.39
1.17
1.37
1.19
1.05
1.28
1.12
1.23
1.37
1.27
1.35
1.19
1.44
1.28
1.44
1.73
1.21

.79
1.73
1.36
1.50
1.64
1.39
1.70
1.50
1.32
1.22

1.04
1.28
1.09
1.67
1.53
1.53
1.77
1.53
1.78
1.77
1.71
2.18

.78

.99
1.02
1.09
1.05
1.23
1.11
1.29
1.26
1.65
1.25
1.50
1.00
1.26

91
1.38
1.36
1.22
1.16
1.70
1.25
1.31
1.32
1.51
1.27
1.20
1.20
1.22
1.59
1.29
1.47
1.56
1.61
1.31
1.43
1.36

1.39
1.18
1.47
1.39
1.29
1.64
1.59
1.70
1.67
1.75
1.95
1.60

.75

.98
1.01
1.28
1.20
1.17
1.32
1.58
1.34
1.26
1.31
1.34
1.26
1.57
1.07

.91
1.29
1.23
1.81
1.25
1.29
1.29
1.18
1.36
1.26
1.51
1.23
1.70
1.65
1.23
1.36
1.57
1.66
1.53
1.44
1.33

174
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o AT o B Nendd

T P T e

a7

Fros

SUB-
JECT
ID

25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

.97

.9
1.17
1.23
47
.24
.50
.74
.33
.09
.17
=Y
«33
.68
.58
.39
.12
.00
<95
.74
.20
.10
.19
.70
.54
.61
.38
.38
.71
.39
.61
.99
.87
.86
.68
.71
42
.34
.15
.78
.00
.23
.68
.88
.86
.89
.71

= N e b b b e e e el el e et e et et el e e e NN B el e

RAW SCORES--MOVEMENT TIME

1.05
1.26
1.24
1.37
1.53
1.36
2.21
1.54
1.22
1.41
1.42
1.50
1.33
1.35
1.60
1.15
1.54
1.67
1.59
1.82
1.42
1.39
2.04
2.12

.88
1.38
1.76
1.70
1.25
1.27
1.54
1.84
1.76
1.83
1.70
2.13
1.52
1.47
1.91
1.36

.81
1.33
1.06
1.78
1.47
1.07
1.62
1.05

1.17
1.59
1.23
1.37
1.44
1.29
1.54
1.60
1.90
1.45
1.46
1.86
1.15
1.46

.92
1.36
1.29
1.02
1.70
1.65
1.84
1.66
1.99
1.71
1.59
1.42
1.54
1.87
1.85
1.98
1.46
1.85
2.12
1.95
1.72
1.82
2.33
1.28
1.45
1.29
1.07
1.70
1.39
1.88
1.07
1.72
2.10
1.53

P e e e e e el el el e e e e N R R

DO B e e N b et et et el el el e e

.90
.39
.18
.26
.23
«39
.67
.01
.17
.69
.87
.49
.45
<35
.19
.48
.00
.33
.66
.50
44
.50
47
.45
.65
.46
.90
.04
41
.19
.37
.69
.79
.58
«33
.69
.49
.40
.19
.09
.38
.12
.48
.40
.64
.27
.07
.16

TRIALS

b e b N B e e e e e e e et e e el ek ek e e b e b e e e e e e el e

5

.23
.29
.00
.37
.61
.31
.33
.45
.37
.38
.29
«35
.29
.60
.34
.61
.43
.38
.21
.65
.33
.37
.ol
.71
.66
.67
.33
.57
.46
.11
.49
¢392
.54
.06
.92
.72
.54
.64

.99

-

.30

.97

N el

.08
.56
.33
.08
.10
.33
.71

1.34
1.40
1.28
1.09
1.35
1.24
1.54
1.53
1.30
1.63
1.25
1.61
1.28
1.52
1.33
1.28
1.18
1.52
1.46
1.51
1.34
1.57
1.63
1.95
1.60
1.81
1.44
1.34
1.60
1.10
1.51
1.92
1.52
1.60
1.64
2.00
1.13
1.40

.88

.83

.75

.87
1.56
2.05
1.11

.87
1.35
1.21

1.14
.86
.96

1.88

1.45

1.56

1.15

1.47

1.57

1.13

1.38

1.50

1.16

1.18

1.23

1.38

1.43

1.36

1.59

1.88

1.49

1.91

1.45

1.67

2.01

1.79

2.00

1.38

1.73

1.45

1.43

2.04

1.40

1.71

1.64

1.72

1.35

1.51
.77

1.37

1.32

1.15

1.89

1.68
.68

1.74

1.17

1.33

1.11
1.16
1.29
1.37
1.44
1.27
1.38
1.45
1.41
1.47
1.51
1.97
1.31

.68
1.31
1.48
1.32
1.58
1.62
1.68
1.66
1.64
1.75
1.76
1.91
1.74
1.48
1.98
1.80
1.36
1.54
1.84
1.71
1.79
1.69
1.83
1.20
1.72
1.17
1.00
1.26
1.16
1.87
1.36

.68
1.51
1.34
1.47
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&

.y
%
¥
k¥
al
a8

SUB-
JECT
ID

29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
32HL
3ZHL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

.98

.88
1.12
1.43
1.39
1.41

.97

.67
1.02

.98
1.26
1.17
1.76
1.14
1.21
1.59
1.59
1.69
1.56
1.58
1.75
2.24
1.62
1.98
1.74
1.17
1.36
1.15
1.14
1.73
1.56
1.85
1.41
2.20
2.06
2.11

.96

.66
1.11

.89
1.85
1.42

.85
1.18
1.47
1.43
1.85
1.44

RAW SCORES--MOVEMENT TIM™

1.48
.67
.95
.85

1.15

1.15
.84
.54

1.07
.93

1.15

1.08

1.99
.92

1.02

1.33

1.65

1.78

1.63

2.21

1.68

2.35

2.12

1.93

1.23

2.06

1.15

1.38

1.10

1.49

1.78

1.67

1.53

1.91

2,22

2.07
.9
.82

1.42

1.31

1.79

1.75

1.03

1.38

1.14

1.41

1.59

1.69

.81

.61

.74

.89
1.22
1.17

.80
1.01
1.03
1.00
1.48
1.15
1.00
1.05
1.18
1.52
1.61
2.05
2.04
1.78
1.64
1.78
1.90
2.19
1.26
1.61
1.17
1.47
1.25

.91
1.43
1.76
1.62
1.56
1.74
2.12
1.18
1.06
1.10
1.01
1.49
1.40
1.40

.91
1.38
1.56
1.44
1.45

.84

.76

.73

.82

.88

.78

.87
1.28

.86

.89
1.16
1.12
1.49
1.56
1.59
1.43
1.66
2.05
1.38
1.75
2.17
1.94
1.48
2.18
1.40
1.75
1.63

.71

.66
1.52
1.69
1.39
2.02
1.40
1.61
1.91

.97

.85
1.49
1.07
1.67
1.95
1.33
1.04
1.18
1.53
1.90
1.67

(CONT'D)

5 6
46 1.17
.21 .85
.54 .63
.71 .81
1.00 .92
1.02 .75
.75 .87
.35 .71
.67 .55
.87 .84
.96 1.23
.96 1.06
1.30 .83
1.57 1.24
1.11 1.23
1.40 .96
1.61 1.71
1.74 1.38
1.40 1.45
1.49 1.74
1.49 1.61
1.95 1.90
1.71 1.60
1.99 1.73
1.09 1.26
1.21 1.62
1.14 1.64
1.95 1.09
1.95 1.94
1.40 1.68
1.39 1.63
1.90 1.70
1.47 1.24
1.39 1.10
1.35 1.68
1.87 1.55
1.02 1.20
.91 .95
.93 .92
.96 ,93
1.91 1.85
1.78 1.88
1.36 1.59
.94 .91
1.21 1.16
1.42 1.39
1.21 1.15
1.32 1.28

«53
.50
.58
.64
.79
.71
.89
42
1.03
.85
1.01
1.01
1.17
.82
1.30
<99
1.39
1.21
1.81
1.85
1.60
2.01
1.85
1.82
1.98
1.17
1.33
1.65
1.98
1.39
1.29
1.40
1.35
1.62
1.58
1.67
.92
.92
.88
.97
1.90
1.91
1.56
1.03
1.10
1.38
1.11
1.30

176

44
.43
.63
.61
.66
1.16
.83
.40
.65
.82
.9
1.09
.87
.84
1.03
1.32
1.70
1.61
1.78
1.61
1.47
1.06
1.40
1.66
1.42
1.96
1.44
1.63
1.43
1.06
1.80
1.95
1.20
1.55
1.21
1.57
.98
1.12
.97
.92
1.92
1.90
1.55
.91
1.03
1.24
1.27
1.43

Ers



SUB-
JECT
ID

33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLII

FNMNNNODENDNDNDND =D

el

= e e e

= e e e e e e e ek e el N R e e e e e e

1

«35
.98
.15
.53
.07
.36
.26
.49
.67
.26
.06
.38
.02
.48
.26
.06
.38
.27
.69
¢33
.26
.41
«35
.23
.01
.08
.83
.71
.08
44
.15
.84
.69
.68
.59
.16
.34
.49
.00
.31
41
.32
.60
.43
.61
.45
.75

-\

ol\

RAW SCORES--MOVEMENT TIME (CONT'D)

NFEFEFEFNDMNDNDNDNDN -

= e e e e e N B e e e e e e e e e e -

=)

.34
75
.03
.31
.05
.26
.38
.38
77
77
.82
.24
.98
.89
.97
.80
.35
.37
.88
.98
.46
.43
.32
.46
.31
.34
.03
72
.65
.39
.08
.00
«37
47
44
.61
.33
.21
.24
e 22
.68
44
.99
.46
44
.06
.00
.78

1.43
2.07
1.43
1.76
1.95
2.39
1.73
2.83
1.51
2.26
2.07
2.38

.92
1.08
1.39
1.44
1.35
1.01

.84

.85
1.26

.83
1.64
1.18
1.03

.87
1.07
1.00
1.34
1.47
1.76
1.07
1.41
1.62
1.64
1.75
1.16

.86
1.18
1.06
1.19
1.21
1.01
1.80
2,27
1.86
2.12
1.74

NEFEFRFROMDNDNNMNNDERERERERE

el el -

N e e e

= e el e e e

.40
.88
.86
.97
.92
42
.21
4l
4l
.78
«37
.45
.86
.08
.81
.05
.45
.76
.70
.95
.97
44
.32
«37
.00
.34
.91
.97
.05
.29
42
48
.68
.03
.38
.63
.65
.88
.19
.37
.78
.56
.08
.26
.27
.61
.17
.58

TRIALS
5

1.46
1.58
1.63
1.95
1.82
2.59
2.24
2,22
1.45
1.58
1.50
2.45

.80

.93
1.21
1.12
1.52

.95
1.11
1.09

.92
1.09
1.42
1.03

.95
1.12
1.00

.95
1.09
1.21

.80
1.34
1.21
1.17
1.12
1.40

.89

.98
1.44
1.65
1.31
1.47
1.17
1.23
1.05
1.24
1.34
1.58

1.33
1.97
1.90
1.58
1.85
2.51
2.25
2.17
1.93

. 1.50

1.43
2.67
1.16
.99
1.32
1.09
1.26
1.07
.84
1.00
.72
.94
1.40
1.39
.71
.71
.90
.99
1.31
1.13
.63
1.12
1.37
1.12
1.23
1.36
.57
.69
.97
1.25
1.23
1.24
.97
1.29
1.26
1.46
1.07
1.44

N NN NN -

-

el ) el el el e e T R e R e Y sy

= -

=

.59
.94
.91
.07
.84
.41
.50
.31
.01
.45
.58
.49
.86
.87
.22
.92
41
.02
.88
.89
.16
.43
.24
.63
.02
.04
.01
.74
.21
.13
.23
.68
.18
.38
.39
44
.39
.58
.04
.67
.40
.98
.43
.83
.10
.33
.03
.45

N N NN e e

el e

-

el

o e e e e

- =

= e

.33
.85
.98
47
.88
.39
.15
44
77
.65
.51
.54
.88
.81
.48
.22
.39
.13
.11
.42
A7
.97
.66
.78
.21
.16
.23
.83
.28
.26
.10
.63
.20
.32
.26
.33
.90
.07
.36
.97
.31
.33
.81
.37
.50
«37
«25
.37
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®
&

FLe I TRRAEIRE ARSI RSB R vz unt yot e, RN

SUB-
JECT
ID

37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH

CONDI~
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1
1

1

1

1

P el i e ped el b ped e el e b ped et ped e ped e e el e

-

1

-

1

.57
.66
.96
.95
.35
.27
.10
.49
.36
.28
.32
.35
.59
.97
.15
.06
.32

.33
.25
.88
.33

Y
.64

91
.40
.81

.16
.36
.33
.60
.16
.39
.33
44
41
.18
.84
.25
.95
.79
.48
.98
.43
.56
.37
.51
.36
.33

RAW SCORES--MOVEMENT TIME (CONT'D)

1.
.64
.46
.93
.31
.23
.54
.65
.49
.63
.29
.52
.81
.24
.19
.63
.34
.42
.31
.68
.35
.35
.54
.80
.22
.31
.21
.43
.31
.50
.26
.30
47
.24
.31
.38
.92
.30
.36
.09
.33
.42
.48
.61
.43
.61
.63
.34

P e e et el e

-

el el el el el el el el e e el el el el

P et et b el b el e ped e b

30

1.11
1.21
1.29
1.31
1.67
1.39
1.14
1.52
1.45
1.56
1.31
1.39

.81

.97
1.11

.94
1.56
1.44
1.26
1.45
1.61
1.57
1.36
1.50
1.22
1.28
1.29
1.45
1.33
1.49
1.33
1.16
1.31
1.15
1.38
1.21
1.00

.79
1.18
1.18
1.36
1.39
1.19
1.38
1.28
1.82
1.79
1.60

1.32
1.14
1.31

.98
1.40
1.29
1.22
1.58
1.39
1.67
1.36
1.55

.92
1.07

.96

.88
1.46
1.44
1.38
1.62
1.48
1.62
1.55
1.70
1.29
1.29
1.20
1.38
1.20
1.63
1.23
1.54
1.31
1.28
1.42
1.23

.89
1.26
1.20
1.29
1.46
1.22
1.36
1.54
1.59
1.46
1.52
1.92

TRIALS
5

1.24
1.20
1.21

.98
1.24
1.23
1.10

1.71~

1.54
1.69
1.32
1.65

.86
1.09

.74

.9
1.45
1.30
1.25
1.62
1.80
1.66
1.64
1.66
1.27
1.42
1.25
1.37
1.31
1.52
1.39
1.48
1.42
1.30
1.36
1.27

.97
1.27
1.21
1.19
1.40
1.25
1.37
1.60
1.44
1.52
1.53
1.81

1.36
1.16
1.31

.97
1.40
.30
.24
59
.40
.67
.37
.54
.01
.10
.93
91
.49
.48
.32
.65
.62
.67
.50
.35
.07
.50
.40
.41
.32
.32
.36
.25
.26
.15
.25
.09
.15
.84
.31
.39
.56
.27
.35
42
.61
.58
.61
.76

e el el el e e el el el el e e P b b el b el e e e

P et b el b el e ped el e

1.24
1.20
1.49

.75
1.40
1.32
1.12
1.66
1.25
1.72
1.36
1.60

.76

.90

.77

.75
1.42
1.19
1.57
1.85
1.65
1.70
1.47
2.04
1.15
1.51
1.31
1.35
1.28
1.61
1.31
1.43
1.24
1.18
1.38
1.18
1.10
1.16
1.34
1.23
1.51
1.31
1.58
1.45
1.58
1.70
1.67
1.63

1.58
1.11
1.46

.97
1.49
1.35
1.38
1.46
1.26
1.54
1.59

.72
1.39

.67
1.00
1.49
1.77
2.09
1.87
1.58
1.79
1.50
1.77
1.20
1.38
1.20
1.24
1.24
1.67
1.62
1.18
1.17
1.15
1.44
1.27
1.01
1.34
1.35
1.13
1.47
1.33
1.62
1.67
1.53
1.91
1.77
1.49
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RAW SCORES--MOVEMENT TIME (CONT'D) 179

E SUB- TRIALS

: JECT  CONDI-

i 1D TION 1 2 3 A 5 6 7 8

: 41CH SRL 1.51 1.59 1.47 1.52 1.21 1.46 1.20 1.43

: 41CH SRH 1.28 1.33 1.61 1.40 1.24 1.50 1.72 1.63

¢ 41CH SCL 1.78 1.25 1.39 1.40 1.45 1.39 1.38 1.37

g 41CH SCH 1.33 1.22 1.45 1.45 1.46 1.49 1.52 1.41

; 41CH SLL 1.69 1.38 1.59 1.61 1.65 1.61 1.56 1.77

: 41CH SLH 1.52 1.78 1.81 1.80 1.74 1.72 1.71 1.69
41CH FRL 1.39 1.76 1.41 1.35 1.28 1.28 1.28 1.25
41CH FRH 1.46 1.56 1.38 1.41 1.57 1.52 1.50 1.45
41CH FCL 1.85 1.29 1.46 1.38 1.30 1.27 1.23 1.47
41CH FCH 1.75 1.62 1.47 1.53 1.59 1.41 1.38 1.30
41CH FLL 1.88 1.57 1.34 1.51 1.57 1.51 1.45 1.28
41CH FLH 1.81 1.44 1.45 1.36 1.28 1.31 1.31 1.23
42CH SRL 1.12 1.27 1.23 1.25 1.26 1.16 1.10 1.21
42CH SRH 1.19 1.29 1.26 1.28 1.30 1.32 1.32 1.30
42CH SCL 1.87 1.52 1.51 1.56 1.64 1.55 1.49 1.61
42CH SCH 1.75 1.70 1.41 1.51 1.56 1.53 1.48 1.40
42CH SLL 2.09 1.65 1.67 1.60 1.48 1.42 1.37 1.40
42CH SLH 1.87 1.72 1.73 1.80 1.43 1.39 1.33 1.39
42CH FRL 1.24 1.51 1.28 1.29 1.29 1.25 1.22 1.23
42CH FRH 1.23 1.39 1.54 1.46 1.25 1.26 1.28 1.29
42CH FCL 1.39 1.45 1.69 1.51 1.48 1.33 1,22 1.40
42CH FCH .79 .77 1.05 1.05 1.07 1.00 .94 1.00
42CH FLL 1.50 1.46 1.61 1.43 1.27 1.30 1.25 1.39
42CH FLH 1.44 1.54 1.40 1.40 1.42 1.26 1.16 1.39
43CH SRL 1.30 1.25 1.21 1.19 1.34 1.31 1.10 1.03
43CH SRH 1.29 1.33 1.47 1.31 2.01 1.55 1.56 1.53
43CH SCL 1.33 1.21 1.11 .96 1.13 1.29 1.20 1.15
43CH SCH 1.71 1.42 1.39 1.32 1.56 1.45 1.32 1.19

43cH SLL .91 .89 .88 1.01 .93 1.32 1.01 77
43CH SLH 1,18 1.27 1.39 1.44 1.85 1.31 1.42 1.59
43CH FRL 1.55 1.23 1.15 1.32 1.52 1.12 1.26 1.37
43CH FRH 1.20 1.26 1.37 1.41 1.42 1.20 1.25 1.31
43cH FCL 1.19 1.00 .92 .76 1.66 1.54 1.39 1.35
43CH FCH 1.03 1.00 1.03 .89 1.05 1.27 1.12 1.10
43CH FLL 1,25 1.26 1.02 1.28 1.32 1.37 1.35 1.30
43CH FLH 1.36 1.32 1.30 1.17 1.18 1.20 1.50 1.61
44CH SRL 1.30 1.29 1.45 1.50 1.69 1.16 1.06 1.29
44CH SRH 1.40 1.30 1.76 1.59 1.52 1.60 1.55 1.48
44CH SCL 1.21 1.13 1.39 1.24 1.06 1.39 1.25 1.19
44CH SCH 1.70 1.68 1.06 1.15 1.39 1.53 1.66 1.24
44CH SLL 1.45 1.48 1.23 1.26 1.30 1.27 1.45 1.17
44CH SLH 1.40 1.35 1.57 1.46 1.44 1.48 1.38 1.04
44CH FRL 1.37 1.37 1.39 1.35 1.31 1.02 1.03 1.25
44CH FRH 1.45 1.46 1.43 1.30 1.29 1.12 1.13 1.08
44CH FCL 1.23 1.25 1.21 1.25 1.27 1.08 1.07 1.25
44cH FCH 1.60 1.66 1.16 1.24 1.12 1.43 1.43 1.36
44CH FLL 1.21 1.25 1.23 1.41 1.41 1.16 1.42 1.15
44CH FLH 1.65 1.63 1.50 1.40 1.30 1.24 1.28 1.25

ERiC

Full Tt Provided by ERIC.
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SR

180

s Dot 27

RAW SCORES~--MOVEMENT TIME (CONT'D)

v s ez

¢ SUB- TRIALS

; JECT  CONDI-

¢ ID TION 1 2 3 4 5 6 7 8

! 45CH SRL 1.45 1,50 1,82 1,61 1.47 1,58 1,38 1.42

j 45CH SRE 1.59 1.69 1.40 1,40 1,40 1,40 1,57 1.34

? 45CH scL 1.35 1,57 1,54 1.46 1,50 1.45 1.4  1.15

: 45CH scH 1.67 1.66 1.59 1.67 1.71 1.99 1,42 1.9

g 45CH sLL  1.20 .95 .94 .95 1.00 .95 1.15 1.10

| 45CH SLH 1.78 1.47 1,45 1.44 1,42 1,41 1.35 1.20
45CH FRL 1.96 1.78 1,90 1.63 1.74 1.52 1,62 1.4
45CH FRE  1.96 2.05 1,79 1,71 1.67 1,60 1.52  1.45
45CH FcL 1.36 1.89 1.69 1.56 1,50 1.44  1.48  1.65
45CH FCH 1.77 1.60 1,45 1,50 1,53 1.52 1l.44  1.40
45CH fLL 1.88 1.81 1.89 1.85 1.76 1.70 1.86 1.58
45CH FLH 1.72 1.5 1.88 1,81 1,85 1.80 1.3 1,53
46CL SRL  1.14  1.23 .97 1.18 1.26 1.38 1.40 1.20
46CL SRH .79  1.06 .89 .91 1,00 1.04 1,08 1,08
46CL SCL .54 .55 .87 .96 1.01  1.07 .87  1.18
46CL scH 1.33 1.19 1.43 1.39 1.36 1,32 .93  1.55
46CL SLL  1.08 .82 .92 .97 1.05 1,07 1.10 1.18
46CL st 1.69 1.47 1.3 1,51 1.66 1.76 1.66  1.59
46CL FRL  1.58 1.75 1.49 1,50 1,62 1.8 1.56 1.57
46CL FRE 1.31 1.83 1,63 1,80 1.77 1.8 1.79 1.90
46CL FCL .83 1,16 1,37 1.3 1,23 1,20 1.62 1.5l
46CL FCH 1.79 1.33 1,53 1.72 1,80 1.82 1,70 1.83
46CL FLL 1.58 1.42 1,35 1.40 1.44 1,55 1.68 1.8
46CL FLH 1.5 1.66 1,76 1,70 1,65 1.62 2.00 1.84
47CL SRL 1.80 1.39 1.31 1.45 1.87 1.39 1.43 1.32
47CL SRH 1.45 1.46 1,42 1.61 1,93 1,43 1,47 1.50
47CL SCL .48 1,31 1,23 1,10 49 1,49 1,20 1,04
47CL SCH .51 1,12 1,05 1.00 .97 1,29 1.29 1.29
47CL st 1.86 1,56 1.3 1.30 1.19 1.05 1.00 .90
47CL st 1.65 1.55 1.59 1.5l .95 1.62 1.40 1.31
47CL FRL 1,02 1,60 1.74 1.52 .97 1.93 1.87 1.93
47CL FRE 1.87 2.09 1,78 1.87 1.8 2,36 2.3  2.29
47CL PcL  1.94 1,83 2,32 2,00 1.93 1.93 2,00 2.0l
49CL FCH 1.65 2.17 2,27 2,00 1,9 2.3 2,10 2.1l
47CL FLL 1.63 1,53 1,78 1.75 1.75 1,65 1.80 1.95
47CL FLH 1.96 2.46 1,97 1.95 1.18 2.0 2,06 2.14
48CL SRL  1.02 1,09 1,07 1,67 1.05 1,05 1.04 1.07
48CL SRE  1.31 .95 1.00 1,20 1.28 1,13 1.03 1.33
48CL SCL  1.26 .88 .75 .67 1,00 1.00 1.03 .82
48CL SCH 74 .68 .68 .68 77 77 .60 .91
48CL SLL .90 1.33 1.27 1,30 100 1l.10 1.07 1.06
48CL st 1.18 1.10 1.26 1,42 1,21 1,20 1,22 .56
48CL FRL 1.08 1,12 1,23 1.26 1,19 1.23 1.25 1.40
48CL FRE  1.35 1.25 1.25 1.21 1,29 1.30 1.3 1.44
48CL FcL 1.32 1,03 1,16 1.33 1.30 1,27 1.05 1.06
48CL FcH 1.59 1.35 1.29 1.25 1.4 1,26 111  1.12
48CL FLL 1.3 1.27 1.25 1,23 1,30 1,25 1.23 1.26
48CL FIH 1.45 1,28 1.31 1.39 1,15 1.33 1.4 1.78
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SUB-
JECT
1D

49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

- e el =N

el

P = Pt et et el e e

P e et et et e el el el e

el )

1

.02
.20
.66
.90
.76
.45
.26
.01
.34
.91
.33
.30
.91
.03
.17
.63
.27
.30
.17
.38
.91
.64
.28
.10
.9
.02
.91
.46
.43
.48
.77
.16
.12
.21
.64
.34
.19
.00
.00
.27
.21
.55
.23
.85
.06
.41
.35
.21

RAW SCORES~--MOVEMENT TIME (CONT'D)

N

P e e ek e D) b e e e
COANOV I N = = 00O~ O
OCOMNMNOOUVTWVWO WO NINME

-
W~ O
N O O

1.13
1.53
1.55
1.23
1.46
1.67
1.63
1.56
1.55

.77

.85

.94
1.16
1.51
1.41

.87
1.25
1.60
1.57
1.48
1.31
1.06

.69
1.21

.87
1.32
1.29

.72

.84
1.14
1.15
1.00
1.35

1.74
1.38
1.53
1.38
1.99
2.15
1.36
1.52
1.53
1.43
1.64
1.54
1.17
1.49
1.71
1.22
1.47
1.44
1.51
1.55
2,08
1.69
1.69
1.58
1.28

.85
1.26
1.01
1.71
1.31
1.65

.99
1.60
1.76
1.95
1.83

.77
1.20

91
1.23
1.24
1.36

.81

.79
1.15
1.35
1.34
1.11

P et e N e e b e e i el e el et el el ped e NN BN B

N = = e et e et e

-

=

.74
.36
.22
.22
.02
.02
.71
.34
.60
.02
.91
.52
.16
.33
.17
.24
.40
.69
.60
.54
.08
.68
.29
.84
.06
.76
.31
.05
.71
.87
.79
.78
.80
.65
.57
.02
.98
.78
.12
.97
.35
.29
.74
.87
.12
.17
.32
.23

TRIALS

1.75
1.36
1.79
1.33
2.09
2,04
1.96
1.49
1.17

.90
1.82
1.67
1.38
1.23
1,27
1.22
1.63
1.55
1.50
2.10
1.98
1.89
1.74
1.84
1.53

.75
1.21
1.15
1.48
1.58
1.32
1.68
2.05
2.07
1.50
2.17

.90

.83
1.07

.97
1.41
1.29

.74

.81
1.32
1.01
1.23
1.20

1.74
1.32
1.81
1.47
2.06
2.39
1.27
1.41
1.23
1.58
1.92
1.83
1.17
1.39
1.25
1.29
1.48
1.68
1.59
1.54
2,07
1.75
2,01
1.71
1.33

.76
1.14
1.16
1.84
1.40
1.59
1.69
1.43
1.88
2.13
1.93

.88

.89
1.06

.99
1.11

.75

.82

.79

.70
1.09
1.21
1.27

1.78
1.37
1.80
1.31
2.01
2.16
1.21
1.40
1.20
1.43
1.80
1.73
1.15
1.43
1.27
1.25
1.50
1.65
1.60
1.57
2.10
1.73
1.83
1.67
1.35

.80
1.15
1.18
1.76
1.53
1.66
1.73
1.61
1.78
1.76
2.00

.90

.90
1.00

.98
1.31
1.28

.82

.82
1.06
1.13
1.20
1.25

1.76
1.27
1.87
1.46
2.05
2.08
1.23
1.43
1,36
1.37
1.86
1.77
1.16
1.40
1.25
1.25
1.46
1.65
1.60
1.53
2,09
1.76
1.76
1.77
1.26

.80
1.17
1.15
1.73
1,53
1.72
1.66
1.65
1,89
2.00
1.98

91

.87
1.09
1.00
1.30
1.32

.83

.79

.99
1.10
1.24
1.21
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SR R R NE L oy

SUB-
JECT
ID

53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL

CONDI~
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

91
1.09
.75
47
.32
.60
1.02
1.19
1.05
.92
.79
.84
1.64
1.49
.96
.94
1.40
1.42

-
oY

.80
1.15
1.15
1.57
1.66

RAW SCORES--MOVEMENT TIME (CONT'D)

1.27
.92
.80
.62
.64
.86

1.20

1.11
.92
.99
.90

1.23

1.87

1.48

1.37

1.49

1.65

1.52

1.44

1.95

1.75

1.62

1.66

1.72

1.36
1.00

.80

.63

.89
1.01
1.16
1.28

.79
1.06
1.00
1.25
1.62
1.39
1.40
1.06
1.60
1.60
1.36
1.81
1.16
1.27
1.66
1.60

47
.08
.78
.70
.13
.07
.20
.31
.68
1.19
1.08
1.21
1.49
1.32
1.46

.96
1.58
1.62
1.25
1.74
1.53
1.16
1.69
1.45

=

el

TRIALS
)

1.15
1.20
1.10

.74

91
1.25
1.11
1.18
1.08
1.31
1.16
1.37
1.82

.81
1.45

.80
1.85
1.54
1.45
2.12
1.53
1.26
1.26
1.76

1.19
1.16

.91

.61
1.00
1.13
1.32
1.28
1.04
1.24
1.18
1.31
1.76
1.38
1.53
1.16
1.86
1.59
1.52
1.90
1.17
1.25
1.63
1.67

1.20
1.05

74

.52
1.14

.88
1.45
1.29
1.08
1.26
1.25
1.27
1.75
1.08
1.63
1.37
1.87
1.68
1.64
1.91
1.15
1.28
1.99
2.08

1.14
1.06

.71

46
1.18
1.17
1.55
1.38
1.04
1.27
1.38
1.60
2,07
1.48
1.52
1.29
1.93
1.62
2,01
1.90
1.34
1.63
1.85
1.72

182
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; DEVIATION SCORES--DISTANCE 183

SUB- TRIALS
JECT  CONDI-
{ ID TION 1 2 3 4 5 6 7 8
: 01JH SRL 22L 0 8s 218 1L 12S 58 10S
: 01JH SRH 6L 13L 12L 0 8s 168 9s 98
: 01JH SCL 12L 0 0 18 17s 48 328 8s
; 01JH SCH 0 9L 8L 61L 0 28 4L 108
: 01JH SLL 18s 0 3s 0 3s 0 2S 3s
% 01JH SLH 20L 31L 1L 0 0 0 Cc 0
; 01JH FRL 0 0 0 128 6S 378 43S 148
: 01JH FRH 18L 77L 61L 0 0 13L 0 18s
: 01JH FCL 0 0 40L 0 168 328 6S 128
; 01JH FCH 63L 46L 58L 7L 0 10L 2L 128
: 01JH FLL 12L 11L 0 7S 248 6S 4S 9s
01JH FLH 30L 41L 41L 29S 8s 0 0 21s
02JH SRL 0 4L 19L 17L 33L 28L 12L 168
02JH SRH 21L 35L 30L 61L 51L 46L 58L 43L
02JH SCL 5L 17L 10L 27L 8L 20L 15L 15L
02JH SCH 0 52L 51L 36L 40L 51L 74L 40L
02JH SLL 2L 55L 35L 22L 45L 40L 53L 35L
02JH SLH 14L 15L 5L 8L 5L 5L 5L 8L
02JH FRL 61S 718 698 108s 110S 126S 678 718
02JH FRH 588 0 288 0 668 628 308 308
02JH FCL 43S 42s 62S 1078 798 96S 548 62S
02JH FCH 0 14L 0 148 128 108 0 K
02JH FLL 46S 44s 68S 103s 748 73s 698 68S
02J4 FLH 158 108 0 4S 3s 148 5S 7S
03JH SRL 23L 0 7L 10L 0 23L 0 16L
03JH SRH 59L 34L 79L 58L 103L 0 20L  108L
03JH SCL 0 0 0 0 0 1S 0 7L
03JH SCH 47L 77L 30L 31L 28 14L 0 19L
03JH SLL 6L 13L 0 6L 14L 0 0 15L
03JH SLH 28L 111L 126L 541 57L 7L 21L 29L
03JH FRL 998 598 0 62S 528 1118 49s 65S
03JH FRH 0 0 5L 6L 14L 4L 19L 5L
03JH FCL 678 8s 0 298 528 738 0 5L
03JH FCH 16L 7L 78L 18L 7S 0 18L 0
03JH FLL 0 0 12L 0 58 0 288 58S
03JH FLH 7L 54L 80L 32L 30L 19L 6L 32L
04JH SRL 41L 40L 14L 17L 3L 13L 0 8L
04JH SRH 75L 87L 87L 69L 57L 56L 441 77L
04JH SCL 38L 1L 14L 8L 0 0 0 4S
04JH SCH 66L 82L 89L 73L 54L 55L 92L 43L
04JH SLL 60L 5L 22L 0 0 23L 0 0
04JH SLH 69L 80L 84L 76L 73s 84L 103L 48L
04JH FRL 418 238 2S 338 928 63S 8s 0
04JH FRH 198 0 11L 8L 0 12L 16L 0
04JH FCL 10s 40s 12s = 16L 43S 218 0 0
04JH FCH 0 19L 5L 13L 221 19L 178 12s
04JH FLL 268 598 8s 22L 7S 178 358 0

04JH FLH 14sS 0 0 5L 0 12L° 2L 6L
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SUB-
JECT
ID

05Jd
05J1
05J4
05JH
0534
055
05JH
05J4H
05JH
05JH
05J4
05JH
06.J:
06J4
06JH
06JH
eI
06J4
0674
06J4
06JH
06JH
06Ji
06JH
07J4
07JH
07Ju
07JH
07Jd
07JK
07JH
07 Jit
07J3x=
07J4
0734
0738
08J4
08J1
08J=
08JH
08Jd
08JH
68Jd
08JH
08JH
08Jit
08Ju
08JH

Pl B aead W N R P 2 e

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
rRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
"SCH:
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SR
SCL
SCH
SLL
LH
FRL
FRH
FCL
FCH
FLL
FLH

S L vt Sk

1

19L
241

32L
SL
32L

15L

5L
28L
208

16L
148
278
8L
118
408
27L
86L
11L
61L
10L
41L
4L
49L
61L
4L,
12L
43L
428
27L
268
4L
278
5L
14L
18L
574
69L
11L
87L
1008
818
958
748
86S
61s

DEVIATION SCORES--DISTANCE (CONT'D)

0
79L

31L
14L
9L
38
27L
7L
28L
9s

248
78

1L

13L
46L
46L
97L
29L
28L

4L
13L
75L

19L
9L
43S

18s

28
178
19L

33L
59L
89L
6L
17L
1118
788
568
50S8
1008
708

3L
42L

64L

3L
441
358

58
6L
428
1L

218
35L

128
13L
50L

8L
63L

65L
JL
16L
27L
4L
13L
23L
45L
7L
8L

138

5L
20L
30L
65L
10L
19L
107s
548
928
50s
103s
708

TRIALS
4 5
0 0
0 45L
3S 18S
0 4L
13L 28L
28L 63L
30s 10L
148 198
60s 768
268 0
10L 258
6s 48
0 0
58 38
6L 7L
31L 64L
208 0
78 0
395 0
27L 29L
0 0
53L 76L
18L 0
0 66L
0 0
38L 4L
12L 27L
JL 6L
14L 108
441, 29L
418 338
0 48
0 0
0 0
10s 198
0 0
0 3L
7L 34L
0 0
88L 7L
23L 0
47L 73L
528 1448
918 89S
80s 1198
318 348
738 1298
428 108s

0
55L

109L
158
14L
14L
168
43S
6S
17L
59L
8S
31L
46L
58L
198
9L
16S
538
6S
78

6L
36L

55L

22L
109s
548
118sS
508
928
1138

0
10L

19L

39L
12L

99s

9s

23L
31L
73L

48
48
39L

43L

62L
13s
3S
58
2L
12s
38L
418
8L

4L

9L
39L
62L
14L
12L
1228
388
828
69s
1258
68S

0
36L

27L
11L
32L
14L
11L

6L
128
228

7L
16L
38L

9s
158
34L

63L
8L
52L
178
58
6S

138
2L
62S
10L
6S

108

10L
18L
46L
83L
19L
16L
1108
35S
97s
948
1168
318

184
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SUB-
JECT
ID

09Ju
09JH
09JH
09JH
09JK
09JH
09JH
09JH
09JH
09JH
09JH
09JH
10JL
1031
10JL
10J%L
10JL
10JL
10JL
10JL
10J4
10JL
10JL
10JL
11JL
11JL
11JL
11JL
11JL
11JL
11J%L
11J%
11JL
11J%L
11JL
11JL
123w
12JL
12JL
12JL
12J4L
12JL
12JL
12JL
12JL
12JL
12J4
1234

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
TRL
FRH
FCL
FCH
FLL
FLH
SKL
SRi

~ e

3CL
SCH
BLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
riH
SRL
SRH
SC

SCH
SL

SLH
FRL
FRH
FCL
FCH
FLL
Fid

1

48L
76L

28
64L
16L
91L

4S

9s
7L
518

4L
42L
30L
41L
65
22L
1048

178
1L
458
9s
75L
8L

12L
6L

1548
1538
378

1748
1698
36L
91L
64L
8L
56L
69L
69S
108
108
26S
67S

DEVIATION SCORES--DISTANCE (CONT'D)

22L
59L
23L
98L
52L
89L
448

4L

3L
7L
50L

1iL

16L

68S
5S

58S
408
435L
33L
13L
13L

128s
1218
388
625
184S
945
41L
82L
161L
31L
45L
80L
128

78

66S
445

33L
111L
8L
102L
27L
83L
62S
1L
10L
7L

20L

38L

31L
248

218
15L
10S

8S
231
33L
17L
14L

118S
120S
37s
1608
184S
1448
54L
136L
102L
147L
47L
139L
4S

20S
17L

TRIALS
4 5
16L 12L
68L 75L
10L 8L
87L 106L
57L 34L
99L 67L
478 338
0 23S
9s 58
1S 3L
0 16S
258 18S
148 20L
34L 10L
0 0
154L 37L
i 2 S 263
128L 31L
38s 633
0 0
0 248
0 0
0 458
0 0
0 125L
153L 208
0 0
7L 135L
0 3L
10L 0
1308 156S
12S 164S
168S 2045
155L 16S
182S 1928
1558 1728
241 28L
124L 16L
36L 2L
56L 23L
40L 4Q0L
154L 90L
348 348
7S 19S
81S 59S
0 28
65S 86S
12S 81S

24L
75L
11L
85L
371
79%
41L

8L

6S

4L
16S
188
145
26L

91L
235

6L
258

78S

378
10L
36L
41S
117L

2L
93s
1578
170S
166S
176S
51S
70L
38L

28L
30L
82L
37S
26S
1508

708
328

241
70L

3L
65L
10L
90L
258

58
8L
16S
2L
56S
88
10S
3L
61L

1468

39S
2L
116S

48L
153L
117L

31S
146L
50S
176S
51S
1S
184S
36S
37L
20L

25L
7L
100L
82S
6S
17S
418
645
43S

185
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VAR GBI, o e

Qave R,

5
Z
3
u
&
=
%
&
£
B
I

SUB-
JECT
1D

13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
17JL
16JL
16JL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

26L
28L

29L
16L
69L
120s
358
498
118
728
398
68L
119L
83L
155L
57L
126L
68S
258
60s
118
46S
158
5L
41L
18L
155L
23L
88L

9s

19L
4L
8L
1438
35L

48L

9L
120s

228
265
228

DEVIATION SCORES-~DISTANCE (CONT'D)

58L
35L

21L
28L
51L
154s
1248
538
2L
658
168
25L
67L
31L
76L
10L
46L
1258
1078
61s
83s
528
4s

46L
92L
160L
7L
113L
1335
21s
195

28
30L
17L

33L
47L

3L
378

6S
398
278
428
10s

38L
IL
31L
5L
1341
488
358

598
928
34L
28L
47L
55L
5L
31L
1238
298
1448

62S

34L
54L
6L
175L
43L
138L
408
441
23L
20L

10L
38L
47L

28L
49L
64L
708

628
9s
16S
1L

10L
78L

S8L

36L
119s

3S
228
258

171

63L
61s
1288
378
958
96S
110s

73L
98L
126L
101L
108L
298

10s
6L

3L
27L
52L
9L
19L

SL
37s
28sS

166S
1548
195
228

TRIALS

5

415s

8L

39L
265
38
945
20L
1198

12L
2L

26L
128
211L
33S
458
288
228
73S
1078

67L

185L
14L
119L
768
3L
348

9s

S9L
27L
135

143s

26S

41S

174S

66S
0

26S
2L

31L
298
12L
1625
18S
62S
18L
38
48S
20L
39L
62L
102L
11L
32L
98s
378
548
218
49s
428
19L
36L
9L
121L
36L
115L
67S
10s
198
15L
10L
7L

26L

258
13s
2L
144S
1158

1538
209s
28

268

119L
1S
112L
458
135
2458
27L
34S
158
73

2L
192L

12L
45S
23S
38s
75
548
48s
27L
110L
9L
35L
9L
95L
858

14L
378

8L
348
138
10s

3S
15L
39S
60s
27L
115L
101s
118

12s

28
458
24L,
148
10L
728

26S

165

32L
8L
132L
/L
10L
66S
10s
39s
38
228

27L
80L
6S
69L
19L
102L
37s

128
28S

37L
29L
7L
30L
45L
9L
126S
438
398
120s
124sS
9s

186
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SUB-
JECT
ID

17JL
17JL
17JL
17JL
17JL
17JL
17JL
17JL
175L
173L
17JL
173L
18JL
18JL
i8JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
19HH
19HH
19HH
19HH
19HK
19HH
19HH
19HH
19HH
19HE
19HH
19HH
20HE
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH

CONDI~-
TION

SKL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
ERL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiLH

1

25L
79L
65L
87L
42L
98L

38
10s
158
208

738
8S
3L

16L
3L
68L
&4s
48L
88s
102L
1008
19L
olL
146L
88L
165L
17L
143L
66L
75L
70L
66L
21L
62L
52L
721
36L
110L
57L
105L
118
3L

19L
378
20L

DEVIATION SCORES--DISTANCE (CONT'D)

4L
44L
41L
18L

42L
167S
28S
488
33s

818
19%L

21L
22L
40L
758
50L
768
65L
95L
61L
53L
68L
55L
149L
41L
72L
46L
22L

621L
31L
35L
57L
58L
33L
66L
63L
111L
35S

2S
36L
58

68L
71L
36L
80L
78L
155L

7L
2L
41L

15L

15L
57L
42L

65L
15L

9L
508
66L
57L
10L

24L
23L
70L
4458

28S

23S
32L

36L
41L
66L
448
228

6S

428
348

TRIALS
5

47L
140L
241
131L
74L
150L

22L
18L
30L

25L

65L
49L
708
1198
1718
208
578
258

33L

174
15L
57L
188

84S

3L
168
30L

1L

35L
20L

9L
38S
138
228

428
0

371
47L
107L
168L

80L
2285
24L

15
26L
108

13L
141

5L

441
126S
128
538
178
298

9L
69L

14L
15L
128
1L
16S
4L

241
128

26L
18L
18L
33s

75
208

468
1L

0
146L
11L
56L
11L
441
78
23L
248
9L
128
71L
19L
36L

T
i

105L

39L
728

318

5L
81sS
478
34L
64L
20L
62L
23L
64L
36S
22L
438
21L
16S
39L

4L
28

278
148

128
0

0
77L
180s
38L
42L
441

20L

15L
248
30L

31L

206L
22L
27L
905

1708
358
1118

9L
30L

12L
11L
51L
408

64S
12L
158
541
19L
26L
52L
41L
55L
268
23S
3S
9§
7L
268
0

187
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N
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SUB~
JECT
ID

21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
22HH
22HH
22HH
2288
2218
22HH
22HH
22HH
22HH
22HH
22HH
22HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
Z3HH
23HH
23HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
Fili
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
S5CL
SCH
SLL
SiLH
FRL
FRH
FCL
FCH
FLL
FLH

1

27L
40L
13L
53L
441
73L

133L

924
14L
324
13L
16L
39L

8L
12L

61L

28L
30L
22L
2L
oL
12L
7L
358
33L

36L

oL
13L
41L
27L
12L
14L

1L

50L
148

DEVIATION SCORES-~DISTANCE (CONT'D)

39L
50L
49L
36L
25L
40L
298
52L

66L
23L
21L
26L
27L
17L
13L
13L
48L
80S

38
348
61L
21L
30L

35
241,

45
26L
14L
17s
541L

28L
178

16L
12L
13L

541
14L
26L

39L
16L

W

66L
76L
8L
41L
33L
103L
278
36L
36L
81L
33L
27L
241,
34L

22L
241
40L

36L

78
45L
25L

14L
20L

8L
13L
12L
29L
208
23L
158
13L
458
20L

31L

29L

138
18L

528
468

TRIALS
4 5
59L 0
3L 341
24L 0
14L 0
31L 19L
73L 0
19s 698
0 0
12L 0
26L 31L
4117, 378
601, 50L
0 9L
49L 131L
63L 11L
18L 16L
17L 13L
38L 81L
12L 0
0 30L
0 16L
0 19L
158 9L
48L 33L
4L 9s
2L 12L
0 9s
29L 0
4L 0
23L 23L
288 328
30L 0
158 128
2L 0
A 248
53L 9s
0 0
25L 46L
36L 0
0 3¢L
0 36L
0 0
38S 958
0 208
328 26S
0 0
558 428
8S 488

38L
21L

3L
778
17L
17L
82L
238

41

441

541
20L
28L

1L
31L

9L
52L

4&L
328
33L
31s
9L
9L
80L
78

36S
28L
21s
50L

OCOO0OO0OO0OO0O

478
278
378

288
0

278
12L
98
1s
2L
25L
8S
40L

65L
4L
64L

69L
15L
421
33L

5L
36L

18L

16L
15L
10L

8S

118
12L
14S

26S

8s
9L

6L
88s
228
36S

43S
18

st LAl Y Rl St o v et e AR 1

188

COO0OOOOO0O

40L

76L
12L

25L
3L
20L
8L
21L

19L

11L

3L
23L
19L
25L

23L
27L
56L
148

3L
328

498
26L

N



DEVIATION SCORES-- CISTANCE (CONT'D) 189

SUB~ TRIALS
JECT  CONDI-
1D TION 1 2 3 A 5 6 7 8
25HH SRL, 0 0 268 238 58 0 1S 8L
25HH SRH 14L 11L 6S 148 41 195 16L 9L
25HH SCL 0 178 158 148 0 58 138 31s
25HH SCH 178 14S 55L, 19s 0 0 10L 148
25HH SLL, 0 18s 328 228 0 0 0 0
25HH SLH 0 0 0 178 131 0 0 0
25HH FRL 109§ 0 758 558 1198 428 1348 68S
25HH FRH 228 1298 308 0 0 0 0 498
25HH FCL, 408 77s 288 708 0 288 18 358
2504 FCH 918 18S 0 0 118 0 248 0
25HH FLL 778 508 798 8s 78S 368 48s 248
25HH FLH 28 748 0 0 238 14§ 0 0
26HH SRL 341 6L 121, A 11, 2L 0 8L,
26HH SRH 0 26L 41L 25L, 201, 37L 38L 231,
26HH 5CL 191, 15L 4L 0 0 0 0 0
26HH SCH 37L 60L 65L 11L 39L 41L 251, 27L,
26HH SLIL, 121, 33L, 171, 14L 62L 0 0 0
26HH SLH 241, 261, 5L, 21L 284, 281, 21L 16L
26HH FRL 29L 27L 16L 0 868 31s 28 248
: 26HH FRH 521, 33L 30L 0 11L 0 31L 21L
3 26HH FCL 1s 0 0 0 0 8s 221, 58
§ 26HH FCH 95L 328 60L 0 0 14L 70L 0
: 26HH FLL 58L 40L 15L 13s 78 58 268 23S
: 26HH FLH 78 86L 15L 0 23L 3L ] 19L
5 27HH SRL 32L 241, 0 0 AR 11L 1S 75
3 27HH SRH 23L 80L 17L 481, 0 0 0 20L
{ 27HH SCL 63L 161, 20L 37L 0 0 0 0
: 27HH SCH 59L 521 39L 511 40L 28L 25L 16L
£ 27HH SLL 82L, 63L 0 3L 0 221, 0 6S
: 27HH SIH  1ll6L 117L 48L 53L 40L 241, 68L 66L
: 27HH FRL, 128 . 0 528 538 378 328 658 498
i 27HH FRH 11L, ~  10L 0 38L 165 431, 36L 28L
: 27HH FCL 30L 10L 0 2L, 0 8 0 7L
: 27HH FCH 411 53L 50L 17L 251, 33L 561, 40L
$ 27HH FLL, 0 0 0 28 0 2L, 15L 2L
i 27HH FLH 48L 68L 0 39L 35%, 401, 18L 35L
: 28HL SRL, 88L 921  114L 71L 60L 721, 59L 13L
28HL SRH 838L 97L.  164L  127L 1123, 65L 68L 561,
28HL 8CL 56L 69L 81L 62L 761, 321, 741 43L

=
)
Bl
&
%
¥
&
&
&
1]
¢
H
g
13
&
®
%
*
4
&
i
k3
A
|3
3
K
s

28HL SCH 82L 126L 1241, 153L 116L 140L 104L 145L
28HL SLL 941, 69L /3L 110L 961 524 64L 26L
28HL SLH 101L 123L 127L 154L 131L 112L 129L 110L

28HL FRL 16S 978 0 62S 798 58S 768 758
28HL FRH 0 128 0 291, 198 0 13s 218
28HL FCL 838 78 398 0 458 638 38s 38s
28HL £CH 0 768 48 298 0 138 1148 0
28HL FLL 795 128 228 538 508 268 458 418

28HL FLH 0 0 13s 878 5L 0 28 0

S R b L et wh e i T YT T T gy g T



SRS

STFOIL A,

A, B LB ST v, ) P s

4
"¢
&
-
&
B
':

SUB~
JECT
ID

294L
29HL
29HL
29HL
29HI,
29HL
29HL
29HL
29HL
29HL
29HL
29HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HI1,
32KEL
32ZHL
32HL

CONDI~-
TION

SR,
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH.
FLL
FLH
SRL
SRH
SCu
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLn
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiH
SKL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiH

1

0
60L

25L
36L
90s
58S
128s
90s
108S
818
451
120%L
66L
182L
113L
130L
328
32L
28L
20L
208
21L
93L
84L
20L
136L
36L
195L
178
27L
118
56L
11L
65L
71L
138L
20L
56L

125L
1218
538
748
408
228
428

DEVIATION SCORES--DISTANCE (CONT'D)

211,
45L
36L
33L
41L
64L
113s
378
123S
83s
92s
63S
741
71L
5L
162L
112L
165L
238
22L
9L
65L

19L
102L
172L
17L
51L
43L
116L

5L
28S
39L
16L
S4L
441
89L
18L
19L
16L
52L
965s
298
718
448
83s
61S

29L
41L
16L
56L
48L
48L
1218
58S
59s
308
102s
528
51L
130L
122L
164L
120L
30L
8L
16L

30L
78
17L
44L
1271
32L
182L
20L
82L
278
28L
17L
18L

58L

30L
6L
31L
17L
"105L
68S
418
448
158
778
60Ss

TRIALS

4 )
26L 421
281 60L
25L 14L
45L 31L
S5L 39L
741, 57L
108s 1278
16S 838
101s 1198
65S 528
99s 1058
68S 748
115L 76L
206L 1261
21L 1001
162L 481,
1341, 138L
1274 1991
94S 18S

15L 0

22L 0
39L 33L
0 218
78L 12L
50L 2L
125L 72L
26L 10L
96L 116L

87L 0
45L 94L
0 358

0 0

0 60s

0 0
148 293
0 29L
3L 261,
17L 60L

0 0
12L 33L
171 10L
0 66L
1058 1208
60s 828
1718 878
508 338
6653 91s
65S 508

34L
23L
IL
251,
36L
661,
1248
66S
1298
108s
108Ss
645
93L
140L
63L
1221,
1 28]‘.‘
107L
78
7L

33L
488

8L
441,
44T,
57L
S59L

30L
39S

9L
428
33L
188
261
23L
41L

37L
21L
20L
120s
61Ss
66S
528
1078
1218

30L
38L
12L
38L
39L
59L
1158
78S
778
358
1148
65S
97L
67L
98L
115L
97L
100L

27L
13s
18L

60L
60L

35L

27L
128

118
241
328

241
5L
58

38L

19L
29L
1158
65S
1078

148

88S

518

B L AN Do P PR - AP U

29L
30L
17L
35L
29L
52L
106S
728
748
348
928
408
60L
107L
53L
136L
120L
185L

6S
23S
748

471,

10L
26L
27L

9s

6L
23S

29L
96L

20L
25L
14L
94s
878
798
128
818
258

190

. sl
PR



Soegan 5L

SUB-
JECT
ID

33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

145L
148L
136L
67L
45L
173L

141,
458
8L
52L
68L
12L
35L
74L
75L
1128
88S
130S
1378
1228
778
63L
83L
65L
86L
87L
136L
678
11L

37L
108L
22L
93L
5L
18L
76L
625
618

348
73S
29S

DEVIATION SCORES~--DISTANCE (CONT'D)

127L
197L
63L
203L
125L
187L
7S
18L

23L
675
46S

7L
241,

43L
3L
36L
1158
1248
176S
120s
1438
101s
4L
162L
32L
172L
32L
30L
4685

418
328
66L
33L

156L
17L
133L
768
38s
67S
318
528

138L
208L
139L
178L
155L
237L

23L

26L
78

9L

3L
241
39L
1458
116S
183s
1498
161s
1208
27L
96L
34L
26L
36L
471!

3L
16S

18s
16L
15L
28L
13L
67L

IL
54L
7658

448

468
298

1441,
1871
113L
182L
110L
166L

6S

19L
37s
128

10L
12L
12L
33L
441,
1498
128s
169S
160S
1358
1268
30L
17L
36L
125L
77L
84L
39S
10S
178
18L
62S
2S

30L

36L
12L
142L
66S
128
1328
3L
1318
56S

TRIALS

164L
185L
1091
240L
108L
140L

1S

15L
268

31L

15L
19L
15L
2118
1208
1768
1208
1498
1168
45L
89L
26L
128L
60L
125L
1598
408
338

83s
60s

7L
241,

107L

41L
93s
458
748
258
798
26S

138L
188L
114L
164L

88L
169L

7L
48S

22L

21L
26L
62L
1728
1448
176L
1568
1508
1248
20L
41L
17L
74L
72L
88L
89s
208
128

106S
67S
18L
36L

20L
oL
63L
58S
658
1168
128
1218
38s

136L
188L
115L
219L
1241
182L

218
3L
43S

18L
5L

27L
1545

98S
1528
158S
1408
126S

115L

54L

3L
90L
65S

30S

918
138
31L
41L

94L

58L
98S
598
778
1598
65S
298

v SAMR toCuabio Rl Dnchiteoiy GBS T R

191

158L
185L
116L
203L
118L
173L

2L
20s
25L
258
308

9L
21L

9L
1L
199L
173S
1448
1578
1518
161S
140sS
28L
65L

28L

74L
718

20s

945
298
1L
42L
2L
10L

43L
798
248
288

9L
68S
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SUB-

JECT CONDI-
ID TION
37CH SRL
37CH SRH
37CH SCL
37CH SCH
37CH SLL
37CH SLH
37CH FRL
37CH FRH
37CH FCL
37CH FCH
37CH FLL
37CH FLH
38CH SRL
38CH SRH
38CH SCL
38CH SCH
38CH SLL
38CH SLH
38CH FRL
38CH FREH
38CH ' FCL
38CH FCH
38CH FLL
38CH FLH
39CH SRL
39CH SRH
39CH SCL
39CH SCH
39CH SLL
39CH SLH
39CH TRL
39CH FRH
39CH FCL
39CH TCH
39CH FLL
39CH FLH
40CH SRL
40CH SRH
40CH SCL
40CH SCH
40CH SLL
40CH SLH
40CH FRL
40CH FRH
40CH FCL
40CH FCH
40CH FLL
40CH FLH

VRS ANN  aNREYB Y L Ay e Tae cames L L e

1

0
10L
- 35
28L

34L
858
14L

40L
36S

29L
31L
34L
40L
49L
40L
228

8L
17L
26L

33L
28

258
198
14s

6S
24L

1L
16S

41L
11L
10L
11L
23L
11L

18L
30L

6S
27L

DEVIATION SCORES--DISTANCE (CONT'D)

0
27L
10L
27L
10s
37L

28
49L

64L
328

6L
17L
50L
19L
12L
50L
60L

TRIALS
4

0
23L

6L
441

8L
35L
40s
33L

65L
29L
25L
18L
80L
25L
S52L
S0L
63L

6L
IL
38L

20L
28L

ol ool

COWULMOO
=

13S
19s

23L
39L
56L
56L
18L
32L

25L
7L

0
10L

85L
21L
65L
328
S54L
23L
53L

5L
421
20L
95L
23L
58L
30L
69L
195

0
10L

7L
46L
10L
41L
385
34L

9s
758
258
29L
25L
S7L
40L
40L
451,
57L
208

0
9L

25L
21L
45L
94s
34L

62L
458
51L
26L
95L
17L
75L

- 55L

60L
398

SL

5L
31L
128
48L

15L

15L
1L

178
158

12L
52L

35L
5L

8L
57L
3L
6L

0
62L
20L
78L

31L
198
28L
328
70L

7L
61L
20L
70L
45L
41L
29L
60L
38s

7L
12L
48L
128
46L

OCOOCOCOO
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o))
OCWOOo
! W

~N O
[

58L
12L
65L
17L

4L
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SUB-
JECT
1D

41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
4L4CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH

CONDI~
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

16L
138

4L
69L

178
125
208

3s
228
258

8S

75

245

13L

128
138
145
158

6S
15L

17L

7L
158

26S

47L
158

DEVIATION SCORES-~DISTANCE (CONT'D)

N

©COO0OO

118

148
14L

72L
21L

208
6S

158

358

14L

2L
21L
278
108
208
158
238

78
241,

13L
18

18
32L
63L

638

108

38

48
12L

8L

5L
128
6S
168
78
218
458
165

308
558

268
298
488
118

2L

2L
10L
21L
128
498
708

0

7L

TRIALS
4 5
0 0
0 0
1L 10L
10L 16S
8S 108
58 58
8L 0
10L 0
0 0
51L 38L
9L 4S
2L 0
158 198
108 - 16S
88 28
98 6S
10S 138
218 138
78 6S
18 0
108 6S
45 208
0 58
58 0
0 0
7S 0
7L 11L
16S 138
4} 1L
158 0
218 558
0 58
88 0
14S 178
8s 218
128 158
0 0
0 0
0 7L
5L 9L
9L 0
6L 11L
318 408
158 208
4S 9s
228 348
69s 248
108 178

0
0
3S
3L
158
28
5L

2L
16L
78

8S
108

298

0

8S
16S
10L
248
238

1L

6L
6S
8S
6S
38
8S
36S
6S
158

138
228
158

20L

6L
12L
308
16S
14S
308
298
108

MO b b otk wf WY e s,

0
1L
108
4L
11L
88

3L
1L
10L
38

13L
158

14L
34S
6S
308
158
38
38

1L
6S

15L
15L
14S
558

138
28S
28S
158

9L

15L
48

26L
465
568

50L
218

193
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4
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3
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SUB~
JECT
ID

&5CH
45CH
45CH
45CH
4L5CH
45CH
45CH
45CH
45CH
45CY
45CH
4500
G607
46(Y,
4601,
46C1L
4627
46C%
4oL
46CL
4607,
4601
46CL
4601,
47CL
47C1,
47¢1,
47CL
47CL
47CL
LICL
475
472%L
LTCL
L7CL
47CL
48CL
48CL
48CL
48CL
48CL
48CL
4.8C1,
48CL
48CL
48CL
48CL
48CL

CONDI-
TTON

SKXL,
SKH
SCL
SCH
SLL
S.H
XL
FRA
FCL
TCH

TLL

O
-

(e N e N We'
e

33L
97L
15L
0
3L
30L
6L
80L
0
247,
27L
98L
448
108
948
498
348
148
74L
64L
241,
86L
104L
87L
9458
23L
38
0
128
0
4 3L
42L
10L
6SL
20L
0lL
928
508
208
0
398
0

DEVIATION SCORES--DISTANCE (CONT'D)

2
0
0
0
SL
0
13L
12L
137L
14L
25L
15L
35L
155,
23L
C
20L,
21L
73L
1118
8s
60s
508
538
6S
50L
18
20L
98L
471,
81L
468
38L
0
38L
2%
21%L
38L
79L
76%L
59%
36L
86L
81S
258
51s
4L

758
325

38
6L

3L
8L
36L
86L
5L
15L
21L
1L
238
52L

36L
10L
34L
358

278
108
288

40L
65L
19L
58L
36L
49L

4s
21L
18L
64L

9s

36L
861,
43L
71L
16L
83L
67S
228
248

528
278

-

s

21L
4 31,
124
13L
8L
161
204,
&30
13%
371’.
12%
30L
408

178
285
35S
66L
70L
30L
60L
501
70L
18L
16L
/L
S1%
65
40L
17L,
91%
38L
88L
28L
108L
148
123
75

438
0

TRIALS

COCo n
e

R
%\iLﬂOO’:

N A wE

g
L =
.

154
30L
174

-3 .‘31‘.
251,
351,
408

85
158
218
238
108
95L
71iL
34%
56L
504
81L
278

ilL
47

35
288
38L
9%

981L
1 211
61L
545
105

9L

413
75

135
SL

121,

561
93L
14L
18L
23L
30L
21L
604

35L
251
324
438

21L
195
95
68L
109L
241,
67L
67L
109L
14%
38L
8714
35L
274
324
76L
147,
411
518
118

218
10s

IRSEUL N X - N

~a

COWOOO
W

39L
401,
35
8L
10L
12L
19L
27L
18L
39L
5L
35L
78

6S
22L
238

60L

9L
30L
65L
40L
20L
10L

5L
524
58
171
25L
112L
29L
85L
10L
37L
475s

13s

50L
0

vomddth g %

oo

oCc oo

o

124,
3 -

185
loL
131
43L
341%L
29
37

8L
355
17L
357
398

38
61
118

674
1%L
35L
64L
30L
100%
121,
9L%
164
394
175
38%
401,
855,
164
611,
291,
1041,
128
291,
35

38
33L

194
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1
%
3
3
b

SUB-
JECT
ID

49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
49CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
51CL
S1CL
51CH
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL

CONDI~
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLB
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1
48s
80s

778
418
158s
468
1758
43s
758
518
32L
11L
3L
79L
68L
59L
478
518
228
298
458
738
50L
64L

8L
56L
108L
1478
1048
1298
128
678
88S
5L
43L

32L
48L
62L
58S
73S
958
998
103s
67S

DEVIATION SCORES--DISTANCE (CONT'D)

818
338
1078
128
858

2198
136S
1508
1298
1358
1228

36L
4L
55L

183L
43S
328
78

448
278
53L
97L
11L
60L
851
344
1C0s
6S
718

91s
21s

78L

120L
43L
38L
1478
1508
83s
718
103s
31s

778
66S
758
19s
828
78
1618
1368
102s
93s
1618
1308

7L
26L

24L
16S
238

348

42L
85L
59L
137L
106L
115L

548
78

178

4L
11L
30L
15L
48L
46L
42L
878
798
89S

758
60S

TRIALS

4 5
698 728
478 0
84S 978
468 0
698 398
10S 0
2518 1368
1118 80S
228 1608
1358 0
2098 1638
1788 918
32L 0
25L 12L
0 148
0 33L

0 0
0 23L
268 498
0 0
26L 0
0 25L
1008 10s
208 33L
36L 45L
34L 112L
76L 38L
118L 118L
101L 118L
184L 154L
508 1148
198 198
1498 1628
68S 1278
20S 1328
1028 117s
471, 24L
55L 91L
0 0
23L 521L
471 50L
40L 88L
99s 1308
80s 65S
448 33s
588 268
858 1068
80S 558

778
408
718

768
538
190s
1278
109s
208
160S
1298

30L

8L
51L
29L

16L
62L
41L
139L
179L
169L
88L
1028

858
4L
1558
100S
42L
52L

18L
37L
76L
1108
728
1028
623
61S
63S

60Ss
548
82sS
17s
718
418
1778
183s
93s
1198
1468
1018

15L
10L
26L

18L
538
46S

33s
16S
228
51L
66L
22L
108L
132L
103L
98s
358
798
158
103s
108s
26L
43L

36L
41L
72L
100s
86S
788
508
106S
518

TSt mven I B e §

195

718
61S
87s

66S
268

1278
1468

86S
98s

133s

93s

22L
5L
42L

22L
478
268
30L
298
218
368
39L
56L
31L

100L
156L
133L

86S
398

100s

1158
116S

32L
41L

45L
43L
65L
91s
788
818
578
778
758
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SUB-
JECT
ID

53CL
53CL
53CL
S53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
53CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL

CONDI~-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

55L
93L
41L
79L
87L
71L
858
568
248
31s
568
348
25L
741
42L
113L
67L
96L
958
63S
88S
28S
778
208

DEVIATION SCORES--DISTANCE (CONT'D)

63L
96L
46L
111L
69L
87L
558
298
758
228
558

24L
67L
11L
741
20L
94L
675
508
588
128
498
498

67L
90L
50L
82L
71L
82L
60S
308
428
178
61s

20L
52L
13L
56L
52L
62L
708
478
718
158
588
358

TRIALS

4 5
68L 55L
91L 82L
47L 48L
75L 121L
65L 85L
98L 81L
58S 148
21s 298
26S 248
208 0
64S 518
308 0
16L Q
44L 57L
7L 0
47L 53L
64L 25L
43L 51L
64S 19L
308 228
60S 71L
128 0
518 508
508 258

59L
106L
57L
126L
83L
90L
36S
18s
428
26S
43S
138

63L

50L
18L
36L
395
468
418
258
478
378

58L
129L
65L
133L
81L
97L

108
428

258
15L

81L
45L
25L
60sS
408
36L

448
408

D e e A tikabeltis ki gy T R

64L
117L
98L
95L
97L
118L
60L
108
40s
41L
508
25L

64L

25L
23L
33L
578
30L
328
308

308
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DEVIATION SCORES--RADIAL ERROR 197

4

{ SUB- TRIALS

¢ JECT  CONDI-

§ ID TIC.I 1 2 3 4 5 6 7 8

) OLlJH SRL 22 0 8 21 11 12 5 10

3 01JH SRH 6 13 14 0 19 16 9 9

: 01JH SCL 43 0 7 1 26 4 32 8

: 01JH SCH 0 9 12 61 18 2 7 11
01JH SLL 20 11 3 0 3 0 10 5
OLJH SLH 26 31 5 0 0 0 0 0
O1JH FRL 14 12 7 12 17 46 43 17

E 01JH FRH 58 77 61 54 13 59 16 26

i 01JH FCL 21 15 41 0 39 43 6 18

ﬂ 01JH FCH 69 48 58 7 0 10 11 14
01JH FLL 16 22 23 7 24 13 17 14
01JH FLH 30 41 41 29 9 0 0 21
02JH SRL 0 18 19 17 33 28 12 16
02JH SRH 21 42 30 61 51 46 58 43
02JH SCL 10 17 10 27 8 20 15 15
02JH SCH 0 52 51 36 40 51 74 40
02JH SLL 2 56 35 22 45 41 58 36
02JH SLH 14 15 5 10 7 5 5 8
02JH FRL 61 71 69 110 115 127 75 73
02JH FRH 68 37 34 25 83 69 31 42
02JH FCL 43 42 63 107 99 96 54 63
02JH FCH 10 14 15 15 17 31 12 14
02JH FLL 47 bb 68 103 74 73 69 68
02JH FLH 15 10 0 4 3 14 5 7
03JH SRL 23 0 7 10 0 23 0 16
03JH SRH 59 45 80 59 107 0 20 108
03JH SCL 5 0 0 0 1 0 0 7
03JH SCH 47 77 39 31 2 14 0 19
03JH SLL 6 13 0 9 14 28 0 27
03JH SLH 29 111 126 54 57 7 22 29
03JH FRL 106 60 27 67 80 112 50 67
03JH FRH 15 25 40 38 31 29 36 63
03JH FCL 67 8 11 29 52 73 0 6
03JH FCH 20 16 78 19 7 0 28 0
03JH FLL 10 0 12 0 15 28 0 5
03JH FLH 17 54 80 32 30 19 7 32
04JH SRL 41 40 14 17 3 13 0 8
04JH SRH 75 87 87 69 57 56 bb 77
04JH SCL 38 10 14 8 0 0 8 4
04JH SCH 66 82 89 73 54 55 92 46
04JH SLL 60 5 22 9 20 29 10 12
04JH SLH 69 80 84 76 74 84 104 48
04JH FRL 41 23 2 33 92 63 8 8
04JH FRH 23 8 15 10 8 17 16 0
04JH FCL 10 49 23 18 43 22 0 6
04JH FCH 19 19 7 14 22 19 18 12
04JH FLL 26 59 8 25 8 34 48 15

04JH FLH 14 0 0 5 2 12 8 10

R RN IS P4 PR ERVRLE J A S



SUB-
JECT
ID

053H
05JH
05JH
05JH
05JH
05JH
05JH
05JH
05JH
05JH
05J4
05JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
07JH
07JH
07JH
073H
07JH
07JH
07JH
07JH
07JH
07J4
07JH
07JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH

CONDI~
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

19
26

34

32
11
30
30
29
24

16
14
27
14
52
40
27
97
11
64
19
47

52
61

12
40
52
48
26

28

14
24
59
69
14
87
102
81
95
74
86
61

DEVIATION SCORES--RADIAL ERROR (CONT'D)

115

100
70

111

103
70

TRIALS
5

42
0
18
4
28
63
21
28
80
0
25
4
0
5
7
64
18
0
8
34
0
78
12
66
0
4
27
6
10
29
40
22
0
A
19
8
3
38
0
7
10
73
151
96
122
36
129
108

109

CONONO

55

24
112
82
118
57
92
113

39

132

125
68

12
37

27
12
32
20
30
12
12
22

16
38
27
11
15
37

63
14
52
17

13

70
17

10

10
18
46
83
19
16
118
54
99
94
116
31
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SUB-
JECT
ID

09JH
09JH
09JH
09JH
09JK
09JH
09JH
09JH
09JH
09JH
09JH
09JH
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11J%
11JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL

CONDI =~
TION

SKL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
F1iH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRI.
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

48
77

64
16
91
25
28
11
32
33

17
42
56
41

22
104
47
34

45
16
75

12
14
14
154
171
37

174
169
36
91
64

56
69
81
37
10
26
67

DEVIATION SCORES--RADIAL ERROR (CONT'D)

22
61
23
98
56
89
50
20

24
14
50

31

16
12

68

12
14
58
40
45
34
13
17

130
122
38
62
184
95
41
82
161
31
&5
80
45
46

66
44

33
112

102
29
83
63
14
10

12
20

27
38

31
25

21
15
10
13
23
33
17
14

120
136
37
160
184
146
54
136
102
147
47
139
16
58

20
17

16
69
10
89
61
929
47
22
13

25
14
34
0
154

128

133
63
168
155
182
155
24
124
36
56
40
154
48
22
90

65
12

TRIALS
5

12
75

8.

106
34
67
33
26
12
8
16
18
20
28
0
37
33
31
67
25
26
0
45
13
131
21
1
135
3

2

157

165

204
16

192

174
28
16

23
40
90
53
50
60
32
86
81

24
75
11
85
37
79
43
20

13
16
18
41
51

91
23

25
21
86

37
48
36
41
117
16

94
157
171
166
178

51

71

39

28
30
82
33
50
150

70
32

24
70

65
10
90
27
18
18

16

56
44
10

62
13
146
34
39

117

48
154
118

13

31
154

69
177

51

184
38
37
22

25

100
84
45
17
57
64
43

26
65
26
76
63
38
77
29

34
54

37
67
44
51
44
11

98

16
58
13
146
35
53
178
33
14

224
165
36
39
61
65
49
87
67
44

80
46

199
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SUB-
JECT
ID

13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13J%L
14JL
1431
14JL
14JL
1431
14JL
14JL
14JL
14JL
14JL
14JL
14JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
1535
15JL

-
15JL

15J3L
15JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL

& Q
l: N,C T N SN,
JArunr Pr by ERIC

IToxt Provided by ERI

CONDI-
TION

SR,
SRH
SCL
SCH
SLL
SLH
FRL
FRH
ECL
FCH
FLL
FLH
SRL
SKH
SCI.
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
STH
FRL
FRH
FCL
FCH
FLL
FL.H

1

26
30

29
16
69
124
53
49
11
72
39
68
119
83
155
57
126
68
26
60
17
46
17

41
18
155
26
88
40
15

19
10
51
143
35

48

120
50
27
31
22

DEVIATION SCORES~-RADIAL ERROR (CONT'D)

58
59

21
28
51
157
132
60

65
b4
25
67
31
76
10
47
125
112
61
90
53
11

46
94
160

113
133
34
19

30
17

33
47

57
31
39
32
42
17

raRtafabont W v noral oy s, -

41
10
31

134
67
70

59
92
34
28
48
55

31
123
60
144
22
62
25
34
54
63
175
46
138
50
50
23
20

19
38
47
10
28
49
64
70
25
62

16
1

TRIALS
4 5 6
10 41 26
84 3 2
0 2 0
58 9 31
0 1 29
36 39 12
119 40 165
69 30 56
0 94 62
3 20 18
22 119 5
27 0 48
0 12 20
17 2 39
0 0 62
0 27 102
6 12 11
63 211 32
63 53 98
130 47 40
37 28 54
95 22 27
96 73 49
110 107 43
0 0 19
78 67 56
99 15 11
130 185 121
101 31 41
108 122 115
35 76 70
34 38 23
16 34 19
6 6 15
2 9 12
3 b4 11
28 0 1
52 59 26
9 29 21
22 13 26
0 0 16
5 17 2
38 143 144
43 43 115
166 41 7
154 174 153
19 66 209
22 0 2

~{

26

120

112
68
17
24
27
34
15

192

12
45
32
38
13
54
48
27
110

55
24
95
87
43

21
38

34
13
13

22
60
68
28
117
101
15

12

45
25
14
10
78

26

19

32
132

10
66
13
43

2
22
21
30
80

70
22
102
42

12
29

37
29

30
45

126
53
39

120

124

200
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SUB~
JECT
ID

17JL
17JL
17JL
17JL
17JL
17JL
17JL
17JL
17JL
17JL
17JL
17JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
18JL
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH

CONDI=-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

25
83
65
87
42
98
30
41
18
20

76
11
22
16
24
21
68
55
87
107
108
101
20
61
146
88
165
18
148
71
78
70
67
24
62
52
72
36
112
69
105
11
23

20
37
26

DEVIATION SCORES--RADIAL ERROR (CONT'D)

4
50
41
18

42
174
53
59
33

81
25

21
24
40
81
61
77
68
95
61
53
68
35
149
41
72
46
38

62
31
35
57
58
33
66
65
112
13

21
36

107
92
18
62

65
25
50

12
12

29

11
17
27
30
47
129
110

45
48
94

67
41
40
29
54
44
27
28
42
39
54
28
90
88
77

47
53
40
15
10

68
75
36
80
78
155
32
34

41
28
16

16
59
42
27
75
15
10
51
66
58
10

24
23
70
45
24
28

25
33

36
42
66
44
22
13

42
34

TRIALS
5

47
142
24
131
75
150
26
51
26
18
19
33

33

66
49
77
120
171
20
57
25

33

17
15
58
18
35
84

16
30

35
20

38
14
25

42
0

37
47
107
168

133

0
147
11
56
16
45
37
29
26

12
77
21
36

105

0
77
180
38
42
44
27
30

17
24
32
23
35

26
25
27
92
45
170
40
111

30

12
11
51
41
13
64
12
19
54
19
26
52
41
56
26
23
10
17

26
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SUB-
JECT
1D

21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

U R RTLUPRE TR SU TN S

1

27
40
16
62
52
73

133
12
92
14
32
13
23
39

17
17
10
27
14
70
32
30
31
25

15
10
38
62
45
49

16
41
30
35
23
19
14

51
34
30

DEVIATION SCORES-~RADIAL ERROR (CONT'D)

39
50
29
45
25
40
29
52

66
23
21
26
30
17
13
15
48
80
24
46
69
27
31

31

26
20
27
68

38
20

16
12
13
10

54
18
27

40
20

66
76
26
41
34
106
29
42
36
82
33
27
24
35

22
24
40
19
52
30
45
25
34
14
22

13
13
30
43
30
25
26
45
20

31
29
15
20
27

55
47

4

59

3
25
14
34
73
19

2.

12
30
41
60

2
50
66
18
23
38
14
31

5

0
15
48

8
15

0
30

4
23
45
42
23
27

2
53

1
25
40

0
21

0
38

0
53

8
59
34

TRIALS

131

24

46

36
36

95
26
26
30
42
48

88
34
36

45

100

29
12
41

202
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SUB-
JECT
ID

25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

14
18

109
22
40
91
77

34

22
37
25
24
29
54
17
100
67

34
23
63
59
82
117
12
11
30
41

48
89
88
58
82
9%
101
62
36
85

79
6

DEVIATION SCORES--RADIAL ERROR (CONT'D)

11
21
14
21

129
77
18
50
74

26
15
60
33
26
30
46

32
40
86
24
80
16
54
63
117
23
15
17
57

69
92
97
69
126
71
123
102
34

79
15
0

26

15
57
32

75
30
46

79

12
41

69
21

17
46
39
63
19
15

16
20
39

51
52
16

50

21
114
166

82
124

73
127

15

37

39

22
15

23
14
14
21
22
17
35

129
62
153
110
155
68
38

29
53
88

TRIALS

112

116
96
131
80
33
45

50
11

(=)}

~ B WOPWLWNDNDN =W N WPrwweE w =W N e =
NONWLWNWNPFPFNODOOFOUFEFONWUSORKFENNNPEOAROOUNOOOWULWVLO

w o
N Wb

140
52
112
63
34
63
14
26
0

16
13
10

134

104
64
129
78
42
38
114
45
2

SO, TR G RN TRy i,

R e

31
14

68
49
35

24

23

27
22
23
25
33

14
14
19

20
22

66
49
31

40

35
13
56
43
146
26
110
75
32
41

41
22
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DEVIATION SCORES-~RADIAL ERROR (CONT'D) 204

SUB- TRIALS
JECT CONDI-

ID TION 1 2 3 4 5 6 7 8
: 29HL SRL 5 23 29 26 42 34 30 29
; 29HL SRH 63 50 42 28 60 29 38 30
: 29HL SCL 2 36 16 25 14 9 12 17

29HL SCH 15 33 56 45 31 24 38 35
29HL SLL 26 41 48 55 39 36 39 29
29HL SLH 39 65 48 74 57 66 52 59
29HL FRL 92 115 124 112 129 126 117 108
29HL FRH 64 65 61 42 87 71 81 74
29HL FCL 128 124 59 101 119 130 77 74
29HL FCH 90 83 30 65 52 108 55 34
29HL FLL 108 92 102 99 105 108 114 92
29HL FLH 81 64 54 70 74 67 65 58
30HL SRL 47 74 51 115 76 93 97 60
30HL SRH 120 71 130 206 126 140 67 107
30HL SCL 66 5 122 31 100 64 98 53
30HL SCH 182 162 164 162 48 122 115 136
30HL SLL 113 113 120 134 139 131 97 121
30HL SLH 130 167 30 128 201 107 100 185
30HL FRL 6 23 8 9 18 7 13 0
30HL FRH 35 22 19 21 32 8 25 9
30HL FCL 28 9 38 22 0 4 13 6
30HL FCH 20 65 30 45 33 33 19 23
30HL FLL 20 0 16 0 26 49 6 74
30HL FLH 47 21 25 78 12 9 0 5
31HL SRL 93 102 44 50 2 44 60 0
31HL SRH 84 172 127 125 72 44 60 41
31HL SCL 20 17 39 28 10 57 0 0
31HL SCH 137 105 182 96 116 59 35 10
31HL SLL 36 45 20 87 0 0 0 26
31HL SLH 195 116 82 45 9% 30 27 27
31HL FRL 18 1 33 12 40 39 12 9
31HL FRH 37 57 29 2 20 28 27 51
31HL FCL 12 28 20 5 60 42 11 6
31HL FCH 56 39 18 0 0 33 24 10
31HL FLL 11 16 0 14 29 18 32 23
31HL FLH 65 54 59 0 29 26 0 0
32HL SRL 71 44 0 3 26 23 24 29
32HL SRH 138 89 30 17 60 41 5 96
32HL SCL 20 28 8 9 0 0 6 0
32HL SCH 56 24 31 12 33 37 43 20
32HL SLL 22 18 25 23 10 21 19 25
32HL SLH 125 53 106 27 66 20 32 14
32HL FRL 123 101 83 107 121 122 115 94
32HL FRH 73 70 42 68 95 68 66 87
32HL FCL 91 74 50 171 89 67 110 79
32HL FCH 47 51 51 50 37 52 21 14
32HL FLL 22 83 77 66 91 107 88 81
32HL FLH 42 61 60 65 50 121 51 25

TN AR et BT Pt e 4 e e o

H

T
1
¥, Q . .
I MC ;;:
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Full Tt Provided by ERIC.
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SUB-
JECT
ID

33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
33HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
34HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
35HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL
36HL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

146
148
136
78
49
184
19
25
26
20
47

60
73
12
35
74
75
113
92
133
137
122
78
63
83
65
86
87
136
70
75
26

38
108
27
93
67
18
76
64
65
24
34
73
29

DEVIATION SCORES--RADIAL ERROR (CONT'D)

128
198
63
203
137
187
26
30

23
69
60

29
47

36
117
125
177
121
143
102

163
37
172
32
30
53
56

41
33
66
33

174
17
133
78
44
68
47
52

138
208
139
178
155
238

145
117
184
149
161
120
27
96
36
26
40
47
25
24
17

18
23
16
28
13
67

54
77
37
44

46
29

144
187
113
184
111
166
10
12
12
23
37
12

11
12
14
33
44
152
129
171
161
135
126
30
17
36
125
77
84
41
36
17
18
62

28

42
25
142
67
32
137

131
56

TRIALS
5

164
185
109
240
108
141

50
15
26
31

49

23
19
18
212
124
177
122
149
117
45
89
26
128
60
125
161
51
33

83
60

24
107

41
94
46
74
25
79
26

139
188
114
167

89
169

175
148
176
161
150
124
20
41
17
74
72
88
91
40
12

106
67
18
36

20

63
58
69
116
12
121
38

137
188
115
220

124

182

155
107
153
158
142
126

115
54

90
68

31
91

31
41

94

58
98
61
80
159
65
29

158
185
116
203
118
173

20
33
25
30
11
22
21
12

199
174
160
157
152
161
161

28

65

31
74
72
19
20

9%
29

42
10
43
79
36
28

68

205
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SUB~
JECT
ID

37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH

CONDI~
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
STH
FRL
FRH
FCL
FCH
FLL
FLH
SR1L
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

0
10

28
10
34
85
23
13
40
37

29
31
34
40
55
40
23

8
35
27
12
35

25
19
14

27

16

41
11
10
11
23
11
20
21
15
30
19
27

DEVIATION SCORES--RADIAL ERROR (CONT'D)

0

0
27
10
27
16
37

49
21
64
32

17
50
19
12
50
64

24

40
36
30

18
16

26

25
22

35
15
41
23
30

18
15
75
11
27

0
23

NN W= OOV ULINOOFEWNO =W W £
oMMV OODNPPNMUNMODETEOONNORTFUGIORTO

NN
OO LWLWLLVWULMIOONOOOO

TRIALS
5

0
10
i4
85
21
65
32
54
25
54

5
42
20
95
23
58
31
74
19
30

9
44

0
19

5

0

4
23

0
13

0
23

5

3
24
20

0
32
15
41
16
37

0
44
21
52
24
11

0
10

46
13
41
39
36
16
75
25
29
28
57
40
40
46
58
20
13
16
36
12
39

13
31

16

27

14
11

31
16
27
17
61
23

45
35
6

oo

PP OGOOONDNDEEENNDO NPpwnNnw ~N Do oy
oMM POOUMMOFEF UV OWNWEORNFEFODODONOD

=N

= U 2]
WONOODWOOOWOHRWLPINPOOOOOO
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SUB~-
JECT
ID

41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
41CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
42CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
43CH
44CH
44CH
44CH

44CH

44CH
44CH
44CH
44CH
44CH
44CH
44CH
44CH

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL,
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL,
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

DEVIATION SCORES--RADIAL ERROR (CONT'D)

w

-
pPOOWUBVOO

-

-
oAUV PEO0OON

N =t
NN

- N
- N W

W N N Oy = oo bhduWw N =
\DmNNI—'ONNONHNHHWO\N\IO\I\O\IWOOPCH

OWONNNO WO

YL O

31

38
86
22

TRIALS

10
16
10

w

==
O\NO\\DWO\CDNUJLHJ\!

nmWwwoo o~

-

-
MPphOoOWOoOOYWULIDWLIN

-

- N =
OCWwWOmrRWWOwWOYUN
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N
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SUB-
JECT
ID

45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FPL
FRH
FCL
FCH
FLL
FLH

etk i x b e S vl s e

1
15

10
10

32
97
20

30
80

24
28
98
44
24
99
55
34
14
74
64
25
86
104
88
95
33

12

43
42
10
69
20
61
93
51
20

39

DEVIATION SCORES--RADIAL ERROR (CONT'D)

N

-
WOWULOOW

21
137
23
25
15
35
15
23

20
34
74
111
25
60
54
53

50

20
98
47
81
48
57

58

21
38
79
76
59
36
87
82
32
54
36
76
32

S

112

TRIALS

109

112
14
38
27
87
12
55
27
52

76
15
42
53

13
30
26
10

~J

- S W
COOFOVDOVBORND

PO Ww o WN = W W N
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AP ETERNRE BRI

DEVIATION SCORES-~RADIAL ERROR (CONT'D) 209

B R SR D

SUB- TRIALS

: JECT  CONDI-

; ID TION 1 2 3 A 5 6 7 8

‘ 49CL SRL 48 81 78 69 72 78 60 71

3 49CL SRH 0 33 66 48 0 40 54 61

: 49CL SCL 80 107 76 84 97 71 82 87

; 49CL SCH 5 13 19 46 0 13 18 0
49CL SLL 78 86 82 71 42 76 72 67
49CL SLH 41 0 11 10 13 53 41 26
49CL FRL 158 219 161 251 136 190 177 127
49CL FRH 63 137 136 111 80 127 183 146
49CL FCL 176 150 114 22 160 109 93 86
49CL FCH 43 129 104 135 36 30 120 100
49CL FLL 75 136 163 210 165 161 147 134
49CL FLH 54 122 130 178 93 129 102 93
50CL SRL 32 1 9 32 0 12 6 0
50CL SRH 11 36 7 25 12 0 15 22
50CL SCL 5 4 2 0 14 .0 10 5
50CL SCH 79 56 29 0 34 30 27 42
50CL SLL 68 0 2 0 0 0 10 11
50CL SLH 59 184 24 0 23 8 18 22
50CL FRL 47 YA 18 28 50 33 53 47
50CL FRH 55 32 32 2 57 51 46 26
50CL FCL 34 15 0 26 46 23 0 30
50CL FCH 29 42 0 12 25 29 35 34
50CL FLL 45 4ty 40 100 38 16 24 35
50CL FLH 75 29 23 25 33 23 26 36
51CL SRL 50 53 42 36 45 62 51 39
51CL SRH 64 97 85 34 112 41 66 56
51CL SCL 0 11 59 76 62 139 22 31
51CL SCH 10 60 137 121 114 179 108 100
51CL SLL 58 93 107 109 121 171 133 157
51CL SIH 113 35 117 189 158 89 104 137
51CL FRL 149 104 0 50 114 102 99 86
51CL FRH 106 20 54 33 30 37 48 48
51CL FCL 129 99 17 149 162 85 79 101
51CL FCH 29 0 0 68 127 A 20 11
51CL FLL 67 91 28 27 132 156 104 116
51CL FLH 88 31 24 103 117 101 108 117
52CL SRL 5 2 11 47 25 42 26 32
52CL SRH 43 78 30 55 91 52 43 41
52CL SCL 17 18 15 3 0 0 0 0
52CL SCH 35 120 49 23 52 19 36 45
52CL SLL 50 45 47 50 51 38 43 43
52CL SLH 66 38 42 40 89 76 73 65
52CL FRL 61 148 91 99 130 110 100 91
52CL FRH 78 151 79 80 65 72 86 78
52CL FCL 105 89 93 44 45 106 85 85
52CL FCH 104 81 16 63 26 80 66 64
52CL FLL 103 103 75 85 106 61 106 77

52CL FLH 67 31 60 80 55 63 51 75

U e e Ba e K bt s e



SUB-
JECT
ID

53CiL
53CL
53CL
53CL
53CL
53CiL,
53CL
53CL
53CL
53CL
53CL
53CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL
54CL

e S AL TR LT o e

e ey

CONDI~
TION

SR
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
St
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

35
93
41
79
87
71
87
65
24
35
56
35
25
74
42
113
72
98
96
68
94
40
77
20

DEVIATION SCORES--RADIAL ERROR (CONT'D)

63
97
46
117
69
89
55
40
80
23
55

24
67
11
74
24
95
67
50
60
36
49
49

67
90
50
83
71
83
60
40
45
18
61

20
52
13
56
52
65
70
51
72
25
58
35

68
91
47
75
67
98
59
26
28
20
64
31
16
44

47
64
43
78
30
60
14
51
50

TRIALS
5

35
82
48
121
85
82
18
29
28
0
51
0
0
57
0
53
33
52
19
41
71
0
54
38

59
106
57
126
83
90
39
25
44
26
44
13

63

50
22
42
42
53
41
25
47
41

58
129
65
133
81
97
13
16
47

27
15
11
81

45

41
60
40

36
44
40

L e L s B

64
117
98
96
98
118
60
11
41
41
51
25

64

25
29
33
57
30
32
30

38
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SUB-
JECT
ID

01JK
01JH
01JH
01JH
O01JH
01JH
01JH
01JH
01JH
01JH
01JH
01JH
02JH
02JH
02JH
0231
02JH
02Ju
02JH
02JH
02JH
0231
02JH
02JH
03JH
03JH
03JH
03JH
03JH
03Jun
03JH
03JH
03JH
03JH
03JH
03JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
04JH
0434
04JH

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SKH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLi
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL

FLH

1
1R
41R

9R
1eR
14R
55R
21R
28R
10R

35R
3R
10R
9R

4R
5R

6R
37R
15R
1R
12R
10R
16R
1R
8R
2R
1R
5R

1R
13R

19R
0
0

DEVIATION SCORES--LATERAL

N

(oNeloNo

11R

3R
12R

5R
15R
14R
19R

18R
24R
12R

1R

37R

10R

8R
29R

2R
0

8R
7R
9R

5R
7R
4R
23R

1R
4R

7R

20R
8R
15R

14R
24R

3R
27R
40R
11R

cNeoNoNoNoNoNoloNo N

10R

20R
5R
0
0

TRIALS
4 5
0 0
0 17R
0 19R
G 18R
0 0
0 0
0 16R
54R 13R
0 35R
0 0
0 iR
0 4R
0 0
2R 3R
0 0
0 0
0 1R
6R 5R
21R 33R
25R 51R
0 60R
5R 12R
0 0
2L 0
0 0
12R 28R
0 0
3R 0
7R 0
3R 0
25R 61R
37R 28R
3R G
/R G
0 14R
0 0
0 0
0 0
0 0
3R 0
9R 20R
0 9R
0 6R
7R 8R
9R 0
4R 0
12R 3R
0 2R

(=)

OCOHOOO

18R
1R
3R
12R
7R

30R
0

10R
12R

8R
33R
8R
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SUB-
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ID

05JH
05JH
05JH
05JH
05JH
05JH
0534
05JH
05JH
0531
05JH
05JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
06JH
07JH
0731
07JH
07JH
0731
0731
07JH
07JH
07J8
07JH
07JH
07JH
08JH
08JE
C8JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH
08JH

CONDI-
TION

S RI-I

SRH
SCL

SCH

SLL

LH

FRL

FRH
FCL

FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SR
SKH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiH

1

1R
11R
4R
12R
3R

11R
26R
30R

16R
16R

8R
18R
8R
3R
1R

6R

DEVIATION SCORES--LATERAL

9R
23R
3R
2R
1R
10R
58R
35R
15R

31R
9R

9R
3R

33R
37R

9R
22R

3R

9R
9R

1R
6R
13R
SR
17R

OO0 OO

NN
OO
~ =

OOOO%OOOOO

31R

30R
9R

11R
0
0

TRIALS

4

12R
1R
0
0

15R
0
8R

18R

=W

COO0OWOOoOWULOOO
o =

=

-
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N =
(RN N
o~ =~

oOroOO0OO0OCQ
=

N MO

CoocoMrOoOOO
AR

42R
6R

3R
19R
20R
25R

-
O%OOOOOOO

-
o @
= =0

17R
12R

oo

(N o No ol ol

23R
22R

4R
8R

17R

10R

44R
33R
28R
13R
0
0

13R
5R

8R

15R
33R

CoOoOCoOoCcoo
=

w
ONHE OO
o
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-
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-
O;‘OOOOO

3R
7R
1R

6R
4R
2R

OCOO0CO0ODO0OO0COO

35R
28R

ococoOpPpOCOPH
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N
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~ = b

OOOOOOOO(;&)ON

S51R

20R
3R

16R
0
0

o CLI e

12R
7R
4R
3R
3R

14R
28R
15R

N
O~N~NOOOOOO0OO
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OEHENOODOCDOOOO
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CONOOWOOO
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S
)
=

41R

22R
2R
0
0
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SUB-
JECT
ID

09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
09JH
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10JL
10J1.
10JL
10JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
11JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL
12JL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FEL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

o R VIR TG =~ SC I TSP L " RO

1

0

w &

o =~

DEVIATION SCORES--LATERAL

11R

24R
20R
5R

15R
2R
5R
8R

43R
46R
2R
7R

0
15R

23R
65R

25R

TRIALS
4 5
0 0
9R 0
0 0
19R 0
3R 0
0 3R
1R 4R
22R 13R
10R 11R
5R 8R
0 0
0 0
0 0
0 26R
0 0
5R 0
17R 21R
9R 0
25R 24R
22R 25R
0 10R
41R 0
23R 0
0 13R
2R 38R
13R 6R
3R 1R
0 0
19R 0
0 2R
29R 13R
62R 21R
12R 14R
0 0
0 0
2R 29R
3R 3R
0 0
0 0
0 1R
3R 0
0 3R
34R 41R
21R 46R
39R 10R
0 32R
0 0
0 0

38R
43R

OO0

16R
45R

39R

11R
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SUB-
JECT
ID

13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
13JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
14JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
15JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL
16JL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SILH
FRL
FRH
FCL
FCH
FLL
FiH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

-
WOOOOQO
~ ~

£ W
O-P’OOOOOO%

o
=}

U 00 W ®
woxm

13R

ecNoReR ol
w W

2R
13R
2R
40R
12R

9R
50R

50R

15R

16R
4R
0

DEVIATION SCORES--LATERAL

27R
1R

3R

2R

3R
6R

5R
30R

17R

14R

OCOO0OWVWULNOOOOO
o~ =

~
e

52R
22R
25R
2R
9R
15R
4R
30R
24R
1R

16R

N
OOOOLFQOOOOOOO

TRIALS

& 5
0 0
30R 3R
0 0
0 3R
0 1R
0 0
10R -30R
69R 30R
0 0
0 0
0 0
10R 0
0 2R
0 0
0 0
0 8R
6R 0
0 0
17R 4R
20R 13R
0 0
0 0
0 6R
0 0.
0 0
28R 0
10R 15R
30R 0
0 28R
7R 26R
20R 7R
34R 38R
12R 0
0 "6R
2R 2R
0 44R
8R 0
0 0
0 10R
11R 0
0 0
10R 7R
6R 5R
32R 34R
0 0
6R 0
0 0
0 0

(=)}

OCOoOONOO

33R
53R

10R

19R
6R
20R

21R

6R
8R
1L

21L
8R
10R

1R
1R
7L

0
0

~J

-
o000
w

= U
~moO0OO0OPpPOOOOHEO
~ ~ W~

N

|
CO0OO0O0O0OOHFHONOO
w =

22R

19R
43R

6R
15R

16R
8R

31R
5R

24L
0
0

3R
5R
29R
6R

4L
10R

-
NWVWOOHOOOOO
w = =

N
owrHroo
o~

-
=

11R
11R

20R

N
=

POOOOCOOONOO
~ - ~

31R

10L
0
0

214

. I
Lo~ Wl B ~

\’_A,,m
o i RN
L T sntr FLad AERT AER

8 S e et e
Sarre- AL S M T




Pt

Pt g, v
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e R e N DD
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SUB-
JECT
ID

17JL
173L
17JL
17JL
17JL
1731
17JL
17J3L
17JL
17JL
173L
17JL
18JL
18JL
18JL
18JL
18JL,
18JL
18JL
18JL
18JL
18JL
18JL
18JL
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
19HH
20HH
20KH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH
20HH

CONDI~-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SKL,
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL,
FCH
FLL
FLH

11R
21R
40R
27R
22R

10R
11R

1R
2R
24R
38R
1R
23R
8R

30R

DEVIATION SCORES~-LATERAL

0
23R

3R
49R
45R
34R
3R

16R
9R

10R

30R
35R
10R
19R

14R
10R

7R
14R
27R
28R
17R

3R
18R
3R

44R
33R
40R
15R
0

TRIALS
4 5
0 0
24R 23R
0 0
0 0
0 9R
0 10R
32R 26R
34R 46R
0 26R
1R 0
0 19R
24R 13R
0 0
16R 22R
3R 0
4R 0
16R 11R
0 0
27R 31R
37R 17R
0 0
5R 4R
8R 0
0 0
9R 0
2R 0
1R 0
0 0
0 0
0 9R
10R 3R
24R 35R
0 0
0 0
0 0
8R 0
0 0
0 0
0 0
3L 0
9R 4R
0 0
2R 0
4R SR
12R 12R
0 0
0 0
0 0

(=)
«

o~
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oo POOCOOMHO

14R

OO Oo

S A

OO;‘OOOOO

20R

11R
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SUB-
JECT
ID

21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
21HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
22HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
23HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH
24HH

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

0
0
9R
32R
27R
7R
9R
8R
12R
1R
5L

16R

9R
15R
12R
10R
27R
14R
34R
32R
10R

6R
12R

4R

9R
8R
14R
33R
45R
33R

10R

12R
35R
20R
19R

2R

6R
10R
31R
30R

DEVIATION SCORES--LATERAL

0
0
20R
27R

10R
12R

15R

8R

35R
30R
18R
Z7R

1R

8R

21R

8R
8R
18R
33R

(9]

UuHEOOYW
~ = [

o =~

OCOO0COO0OOONNO0OO0O0O0O

O
-

25R
12R
4R

7R
SR

9R
51R
32R
40R
5R

OCOO0OOO0OONMNOO

16R

30R
3R

(=)

-

ol =NeNoooloRoRololeNe)
o=

o

OCO0OO0OO0OO0O0OO0O

16R

21R

8R
32R

w

-
OgOOOOG\OOOO

00
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-
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29R
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w

w
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OO0 O0OO0OO0O0O

11R

11R
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SUB-
JECT
ID

25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
25HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
26HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
27HH
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL
28HL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

CO0O0O0OHPOOOONNOO
=~ o=

11R

22R

13R
17R
31R
33R

10R

9R
18R

12R
1R
5R

60R
36R
20R

6L

DEVIATION SCORES--LATERAL

[\

-
= OWoOo
=

et
w

w

OCOPWOOOOOOONOO
A x

= SR

14R

23R
11R
14R
22R

12R
2R
6R
1R

16R

32R
32R

23R
9R
0

w

-t
P OO0

w

w
oco0oONULOO
=~ ~ =

o Ww
w

23R
12R

6R
35R
39R
15R
12R

18R
1R
16R
1R

21R

17R
10R

15R
37R
6R

7L

TRIALS
4 5
0 7R
1R 5R
2R 8R
9R 0
0 0
1R 2R
0 0
0 8R
0 0
4R 0
0 3R
0 0
0 0
6R 0
43R 2R
0 0
0 0
0 0
6R 32R
29R 20R
0 1R
6R 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
21R 7R
0 9R
0 4R
4R 0
0 0
3R 0
22R 0
4R 0
0 0
C 0
16L 0
27R 18R
25R 27R
4R 0
0 0
3L 0
11L 10L
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29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
29HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
30HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
31HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL
32HL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

1

14R

42R
5R

16R

7R
23R

22R

22R
50R
53R
25R
0
0

DEVIATION SCORES--LATERAL

10R
22R

5R
12R
22R
54R
15R

13R

2L
2L

16R
23R

21R
14R
8R
8R
30R
64R
22R
25R
0
3R

19R
13R
47R
11R
24R
49R
0
0

TRIALS
4 5
0 0
0 0
0 0
0 0
0 0
0 4R
29R 19R
39R 25R
4R 0
0 0
0 5L
15L 0
0 0
4R 0
23R 0
0 0
0 19R
16R 26R
0 0
14R 8L
0 0
23R 0
0 5R
0 0
0 0
5R 0
9R 0
1R 0
0 0
0 0
12R 19R
2R 20R
5R 0
0 0
0 0
0 0
0 0
0 0
9R 0
0 0
16R 0
27R 0
21R 13R
31R 48R
0 20R
0 17R
2R 0
4R 0

9R

oow
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23R
30R
11R
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d DEVIATION SCORES--LATERAL 219 ;
¢
£ SUB- TRIALS
¢ JECT  CONDI-
¢ ID TION 1 2 3 4 5 6 7 8
. 33HL SRL, 16R 18R 9R 11R 0 12R 20R 0
; 33HL SRH 2R 19R 0 0 0 0 0 0
§ 33HL SCL, 1R 0 0 0 0 0 0 0
’ 33HL SCH 39R 0 10R 16R 0 32R 23L 7L
‘ 33HL SLL 19R 27R 0 11R 8R 12R 9R 0
E 33HL SLH 12R 0 25R 8R 12R . 7R 0 0
! 33HL FRL 19R 25R 17R 10R 11R 0 0 0
f 33HL FRH 25R 24R 35R 10R "0 13R 2R 6R
33HL FCL 26R 0 0 12R 50R 0 1R 0
33HL FCH 14R 1R 45R  13R 0 0 0 22R
33HL FLL 15R 17R 4R 5R 0 0 0 0
33HL FLH 0 38R 0 0 0 0 0 0
34HL SRL 29R 0 6R 0 0 0 8R 7R
34HL SRH 26R 16R 0 4R 38R 9R 9R 6R
34HL SCL 0 0 0 0 0 0 0 21R
34HL SCH 0 20L 12R 8R 18L 9R 0 8R
34HL SLL 0 0 0 0 0 0 0 0
34HL SLH 0 0 0 0 1OR 0 0 4R
34HL FRL 18R 22R 7R 30R 17R 30R 18R 17R
34HL FRH 26R 18R 16R 19R 32R 33R 42R 70R
34HL FCL 29R 20R 17R 23R 141, 0 15R 0
34HL FCH 1R 15R 9L 13R 24R 40R 8R 13L
34HL FLL 9L 0 0 6L 1L 6L 241, 3L
34HL FiH 11L 17L 0 0 16L 5L 0 80L
35HL SRL 0 0 0 0 0 0 0 0
35HL SRH 0 22R 3R 0 0 0 0 2R
35HL SCL 0 19R 11R 0 0 0 0 0
35HL SCH 0 6R 1L 0 0 3R 0 14L,
35HL SLL 0 4R 17R 0 0 3R 4R 0
35HL SLH 9R 0 0 3R 0 9R 0 3R
35HL FRL 20R 26R 25R 13R 22R 19R 21R 10R
35HL FRH 74R 56R 24R 35R 31R 35R 6R 19R
35HL FCL 26R 0 5R 2R ¥ 0 6R 0
35HL FCH 2R 0 0 3L 0 0 0 0
35HL FLL 0 4L 0 0 0 0 0 0
35HL FLH 7L 7L 16L 2R 0 0 23L 0
36HL SRL 0 0 6R 2R 0 0 0 0
36HL SRH 15R 3R 3R 3R 0 0 3R 0
36HL SCL, 1R 7R 2R 5R 0 0 0 0
36HL SCH 15R 78R 0 28R 0 0 0 0
36HL SLL 4R 1R 0 22R 0 3R 0 0
36HL SLH 0 0 0 0 0 2R 0 ]
36HL FRL 14R 18R 8R 10R 12R 5R 0 1R
36HL FRH 21R 23R 37R 30R 9R 23R 17R 27R ;
36HL FCL 24R 12R 4R 37R 0 0 21R 0 ;
36HL FCH 0 35R 0 21, 0 0 0 0 ]
36HL DLL 0 0 0 2L, 0 0 0 0
36HL FLH 0 0 0 0 0 0 0 0
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37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
37CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
38CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
39CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH
40CH

CONDI-
TICN

SKL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRi,
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiH
SKL,
SRA
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiH

25R
11R
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13R

12R
6R
21R

(=ReRoNoNoNoNe

7R
22R

24R
12R

22R
21R

OCOO0OOoOOH
=

N
o O
=

MOHOOO.;-PO
W w
g %

o
=

16R

15R
6R
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10R
10R
9R

23R

1R

15R
25R

18R
8R

12R
16R

17R
8R
14R

SR
13R

22R
42R

12R
0

10R
12R

26R

30R
9R

5R
2R

4R
9R

23R
5R
3R
20R

14R

16R
20R

17R

21R
6R

22R
0
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10R
12R
13R

13R
4R
10R
15R
SR
8R
10R

13R
14R

3R
27R

35R
0
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OCOO0OWMOO

24R
17R
7R
12R
11R
SR

1R
SR
17R

3R
SR
4R
10R
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¢ DEVIATION SCORES--LATERAL 221

; SUB- TRIALS

: JECT  CONDI-
g ID TION 1 2 3 A 5 6 7 8
: 41CH SRL 0 0 0 0 0 0 0 0
: 41CH SRH 11R 0 0 0 6R 0 0 2R
: 41CH SCL 0 0 0 0 ] 0 0 0
¢ 41CH SCH 8R 6R 0 2R 0 0 0 0
b 41CH SLL 4R 0 0 0 0 0 0 L5R
2 41CH SLH 0 0 0 0 5R 1R 0 0
: 41CH FRL 33R 0 1R 8R 5R 0 0 0
) 41CH FRH 4R 15R 2R 1R 3R 2R 3R 10R
? 41CH FCL 15R 1R 0 3R 2R 5R 18R 1R
41CH FCH 15R 0 0 0 0 10R 39R 0
41CH FLL 11R 3R 4R 8R 5R 4R 8R 13R
41CH FLH 17R 1R 0 0 3R 3R 0 0
42CH SRL, 0 0 0 0 0 0 0 0
42CH SKH 16R 0 0 0 0 0 0 0
42CH SCL 6R 0 4R 1R 0 2R 0 0
42CH SCH 0 0 0 0 0 0 0 0
42CH SLL 9R 10R 5R 0 0 8R 0 10R
42CH SLH 0 0 0 1R 0 0 1R 0
42CH FRL 0 7R 15R 10R 16R 3R 4R 9R
42CH FRH 7R 5R 11R 6R 8R 13R 15R 8R
42CH FCL 22R 6R 0 4R 8R 7R 8R 0
42CH FCH 1R 0 0 0 4R 0 0 0
42CH FLL 0 5R 4R 0 9R 6R 0 5R
42CH FLH 0 0 0 0 7R 0 0 0
43CH SRL 0 0 0 0 0 0 0 13R
43CH SRH 0 0 0 0 iR 0 0 16R
43CH SCL 1R 0 0 0 0 0 0 0
43CH SCH 0 0 0 0 0 2R 0 13R
43CH SLL 0 0 6R 0 0 0 0 0
43CH SLH 0 0 0 0 0 0 0 0
43CH FRL 3R 5R 15R 20R 0 21R 6R 7R
43CH FRH 50R 16R 22R 29R 28R 37R 18R 21R
43CH FCL 30R 10R 0 4R LiR 5R 26R 40R
43CH FCH 61R 40R 56R 25R 39R 31R 37R 50R
43CH FLL 15R 8R 16R 23R 0 4R 5R 12R
43CH FLH 0 0 0 0 0 0 0 28R
44CH SRL 0 0 0 0 0 0 9R 0
44CH SRH 3R 2R 1R 1R 2R 0 0 0
44CH SCL 5R 7R 0 0 0 0 3L 2R
44CH SCH 0 0 0 0 0 0 6R 0
44CH SLL 0 0 6R 0 16R 0 0 0
44CH SLH 0 7R 0 0 0 0 0 12R
44CH FRL 10R 19R 9R 2R 0 3R 37R 0
44CH FRH 27R 41R 12R 15R 22R 23R 30R 32R
44CH FCL 6R 4R 2R 0 4R 0 5R 0
44CH FCH 25R 22R 22R 31R 42R 0 0 30R
44CH FLT, 18R 12R 38R 51R 28R 13R 17R 44R
44CH FLH 32R 56R 5R 20R 23R 16R 37R 15R
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45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
45CH
46CH
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
46CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47CL
47Ci,
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL
48CL

P adfid cadadote

CONGI~
TION

SRL
SKH
SCL
SUH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SR
SKH
SCL
SCH
SLL
StH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FoL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH

V7w Bty 2L B vt

1

10R
10R
4R

8R
6R
13R
5R

2R

4R
6R
22R
31R
20R
1R
6R
10R
12R

15R
23R
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N

OCOCOOVWw

17R

18R

15R
42R

COO0OO0OO0OO0OO0OO0O0

11R
12R
20R
17R
36R
13R
0

14R

12R

10R

28R
49R

1R
2R
6R
10R
7R
20R
18R
10R
20R
22R
5R

TRIALS

4 5
0 0
4R 2R
6R 0
0 0
7R 3R
0 1R
0 6R
4R 7R
7R 8R
1R 8R
0 10R
0 1R
0 0
0 0
2R 0
0 0
10R 4R
0 1R
2R 2R
0 7R
11R 16R
20R 6R
8R 0
14R 13R
0 0
0 0
3R 4R
0 0
3R 3R
10R 15R
0 0
0 0
17R 22R
5R 6R
0 0
0 1R
0 0
0 3R
0 4R
0 4R
0 14R
31R 8R
31R 26R
3R 0
3R 4R
18R 19R
28R 12R
0 11R

19R
18R

6R
2R

27R
26R

27R
9R
12R

13R

7R
30R
16R

0

20R

11R

16R
20R
25R
24R
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49CL
49CL
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49CL
49CL
49CL
49CL
49CL
&49CL
49CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
50CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
51CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL
52CL

CONDI-
TION

SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FiH
SKu
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
SRL
SRH
SCL
SCH
SLL
SLH
FRL
FRH
FCL
FCH
FLL
FLH
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26R
1R
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9R

19R
8R
5R
13R
42R

11R

7R
37R
6R
28R
19R
69R

4R
2R
18R

14R
1R
19R
17R
33R
40R
0
0

9R
15R

LR
9R

50R
47R
24R
9R
9R

2R
12R
2R

8R
22R

21R
23R
3R

12R
21R

15R

22R
24R

9R
11R

28R
6R

28R

16R
0
0

TRIALS
4 5
7R 0
7R 0
0 0
0 0
17R 16R
0 13R
0 0
0 0
0 0
0 36R
21R 24R
12R 20R
0 0
0 0
0 2R
0 8R
0 0
0 0
10R 9R
28R 12R
2R 46R
12R 0
TR 37R
15R 0
0 0
0 0
0 0
4R 27R
41R 27R
41R 37R
0 0
27R 23R
0 0
16R 0
18R 8R
12R 2R
0 0
0 0
3R 0
0 0
17R 10R
0 1iR
0 0
8R 0
0 31R
25R 0
1R 0
0 0
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54CL
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54CL
5401
54C1.
54CL
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FLL
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CONDITION

HD

Sp X HD

Sp X VD

VD X HD

Age X Sp
X VD

SR e Zsdnd date Radatie T L e w M

RESULTS OF SCHEFFE'S MULTIPLE COMPARISON TESTS

MEAN

S

COMPARED

Lt Vs Ctr

.t Vs

Ctr Vs Rt

SR Vs
SL Vs
SC Vs

SH Vs
FH Vs
SH Vs
SL Vs

LR Vs
LR Vs
LC Vs
HR Vs
HR Vs
HC Vs

JFL Vs
HFL
JFL Vs
CFH
HFL Vs
CFH
JFH Vs
HFH
JFH Vs
CFH
HFRH Vs
CFH
JSH Vs
HSH
JSH Vs
CSH
HSH Vs
CSH
JSL Vs
HSL
JSL Vs
CSL
HSL Vs
CSL

Rt

FR
FL
FC

SL
FL
FL

FH -

LC
LL
LL
HC
HL
HL

DISTANCE DEVIATION

d

1,775,.52
108.00
1,879.20
1,576.80
2,764,80
1,205,28
10,445.76
5,425,92
2,505,60
2,514,264
423,36
555.20
1,131.84
3,330.72
1,334.88
4,665,60
523,38
306.02
217.36
491,92
1,615.90
1,123.98
1,688.83
644.93
1,043.90
1,837.55
793.83

2,811.38

a2

3,152,471.27
11,664.00
3,531,392,64

2,486,298.24
7,644,119.04
1,452,699.88

109,113,901.98

29,440,607,.85
6,278,031.36
6,321,402.78
179,233.69
2,418,647.04
1,281,061.79
11,093,695.72
1,781,904.61
21,767,823.36
273,926.62
93,648.24
47,245,37
241,985.29
2,611,132.81
1,263,331.04
2,852,146,77
415,934.70
1,089,727.21
3,376,590.00
948,344 .87

7,903,857.50

A-VALUE

29,189,55%*
108.00
32,698,.08%

23,021.28
70,778.88*
13,450,92

1,010,313,39*

272,598 ,22%
58,129,92
58,531, 51

1,659.57
22,394,88
11,861,68

102,719.40%
16,499.12

201,553,92%

7,609,07
2,601.34
1,312.37
6,721.81
72,531.46
35,092.53
79,226.30
11,553.74
30,270.20
93,794.17
26,342.91

219,551.597*

S A% 3 RGN R T T e PN AT A ,,a

225

SIG,
A-VALUE

13,920.26

45,488,098

74,531.25

31,249.99

193,083.28

P d
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CONDITION

Sk X Sp
X VD

CONDITION

HD

Age X HD

Sp X HD

Sp X VD

VD X HD

T e G IS Mt emeatat st s T~ A et

MEANS
COMPARED

HFH Vs
HFL
LFH Vs
LFL
HSH Vs
HSL
LSH Vs

MEANS
COMPARED

Lt Vs Rt
Lt Vs Ctr
Ctr Vs Rt

JR Vs HR
JR Vs CR
HR Vs CR
JC Vs HC
JC Vs CC
HC Vs CC
JL Vs HL
JL Vs CL
HL Vs CL

FR Vs FC
FR Vs FL
FC Vs FL
SR Vs SC
SR Vs SL
SC Vs SL
FR Vs SR

FH Vs FL
SH Vs SL

HR Vs HC
HR Vs HL
HC Vs HL
LR Vs LC
LR Vs LL
LC Vs LL

DISTANCE DEVIATION (CONT'D)

876.
9,966.

13,284,

1,680

1,425.
254.

103.
1,438.
1,334.

324.
.76
.40
1,948.
3,607.
.88

725
410

1,658

1,529.
4,57¢9.
3,049.
1,019.
1,218.

198.
48

60

1,288.
64.

51.
272.
324.
.92
3,088.
2,522,

565

96
25
52

00

42
769,058.84
99,326,139.06

57,874,360.55

176,464,656.00

LATERAL DEVIATION

.48

60
88

68
56
88
00

32
20

28
20
92
52
24
72

98
80

84
16
00

80
88

42

2,824,013.03
2,032,335.36
64,963.81

10,749.54
2,069,454.87
1,781,904.61

104,976.00
526,727.58
168,428.16
3,795,950.82
13,011,891.84
2,751,882.85

2,338,697.32
20,969,072.64
9,302,012.01
1,039,421.03
1,484,108.70
39,489.64
3,657.83

1,661,469.44
4,199.04

2,687.39
74,071.07
104,976.00
320,265.45
9,540,685.44
6,364,923.49

A-VALUE

14,241

1,839,372,

1,071,747

3,267,864,

A-VALUE

26,148.
18,817.
601.

298.
57,484,
49,497,

2,916.
14,631.
4,678.
105,443.
361,441.
.19%

76,441

21,654,
194,158.
86,129.
9,624,
13,741.
365.

33.

15,383.
38.

24,
685.
972.
42%

2,965

88,339.
48%

58,934

.83

95%

A2%

00*

27%
92%
52

60
86
35%
00
32%
56
08*
44%

60%*
08*
74%
27%
715%
64

87

98%*
88

88
84
00

68%*
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SIG.
A-VALUE

173,906.26

Sig.
A-VALUE

4,136.1384

9,233.37

4,555.36

1,338.67

1,961.92
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CONDITION

HD

Sp X HD

Sp X VD

HD X VD

Sk X Sp
X VD

MEANS
COMPARED

L.t Vs Ctr

Lt Vs Rt

Ctr Vs Rt

SR Vs FR
Sl. Vs FL
SC Vs FC

SH Vs SL
FH Vs FL
SH Vs FH
SL Vs FL

LR Vs LC
LR Vs LL
LC Vs LL
HR Vs HC
HR Vs HL
HC Vs HL

HSH Vs
HSL
LSH Vs
LSL
HFH Vs
HFL
LFH Vs
LFL

RADTAL ERROR

d a2
2,436.48 5,936,434.79
846.72 716,934.76
1,589.76 2,527,336.86
1,150.20 1,322,960.04
4.409.64  19.444,924.93
217.08 47.123.73
7,315.96  53,522,685.45
3,171.96  10,061,330.24
6,402.24  40,988,677.02
4,085.64  16,692,454.21
392.04 153, 695. 36
511.92 262,062.09
119.88 14,371.21
4,354.56  18,962,192.79
1,015.20 1,030,631.04
3,339.36 11,151, 325.21
3,501.36  12,259,521.85
6,253.20  39,102,510.24
123.12 15,158.53
4,104.00  16,842,816.00

A-VALUE

54,966 ,99%
6,638,28
23,401,28*

12,249.63
180,045,60%*
436,33

495,580.42%*
93,160.47%*
379,524 ,79%
154,559.76%*

1,423,11
2,426,50
133.07
175,575.86%*
9,542,88
103,253.01*
227,028.18%*
724,120,56%*
280.71

311,904.00%*

- e SEAN, PR TR DR R T T vy
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SIG.
A-VALUE

16,983.37

45,188.96

50,756.09

74,522,19

201,781.53
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CONDITION

HD

CONDITION

HD

MEANS
COMPARED

.t Vs Ctr
Lt Vs Rt
Ctr Vs Rt

MEANS
COMPARED

Lt Vs Ctr
Lt Vs Rt
Ctr Vs Rt

d

22,032
55.196
33.264

d

3.024
57.456
54,432

REACTION TIME

G2

485.41
3,046.60
1,106.49

MOVEMENT TIME

d2

9.14
3,301.19
2,962,84

A-VALUE

4.,49%
28,.21%
10.25%

A-VALUE

,085
30.57%
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SI1G.
A-Value

3.2289

SIG.
A~VALUE

3.039
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